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INTRODUCTION 
Beef cow-calf production is increasing in importance as a major 
Midwest livestock enterprise. Beef cow numbers have increased in Iowa 
alone from 1,155,000 head in 1964 to the current estimation of 1,800,000 
head. Indications are that the numbers will continue to increase, 
partly because producers are beginning to realize the advantage of in­
creased utilization of the vast amounts of low quality roughages that 
are available. Also, Midwest cattle feeders realize that if they raised 
more of their own replacements, they would be less vulnerable to the 
fluctuations and availability of the stocker and feeder market. 
Researchers and producers are becoming more aware of the need to 
utilize grain harvest by-products such as corn and milo stovers since 
40 to 50% of a plant's dry matter remains after the grain is removed. 
Until recently, except for cornstalk grazing, little use was made of 
crop residues; but now machines are available to harvest, store and feed 
these materials. 
Therefore, confinement feeding may increase in areas where pasture 
and hay are not a normal part of the crop rotation. So there is interest 
in feeding cows harvested and stored crop residue material in drylot 
throughout most of the year including lactation, the time of greatest 
nutrient demand. 
Composition studies show that crop residues are not complete or 
all-purpose feeds, Weber (1970) determined that corn residue silage 
harvested at the Iowa State Universitv Beef Nutrition Farm contained 
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4.67% crude protein and 59,2% digestible dry matter on an in vitro basis 
(IVDDM). Corn plant residue material available for grazing was found 
to be of similar composition. These values are not in complete agree­
ment with those of Colenbrander et al, (1971). Their composition data 
for com stover silage were 6.4 and 42.5% for crude protein and 
IVDDM, respectively, on a dry matter basis. While crop residue materials 
may provide ample energy, they are quite low in protein. Crop residues 
appear to vary in quality according to percentage composition of plant 
components, time of harvest, harvesting methods and type of storage. 
Therefore, it is essential for the producer to know the nutrient con­
tent of his feed before he can supplement correctly. 
This research study was undertaken with the objective of deter­
mining the effects of urea and plant protein supplementation of low 
quality roughages on gestating and lactating beef cows and on their 
progeny. Effects studied and measured were cow weight and condition 
changes, cow nutrient intake, calf birth weight and changes in total 
protein and urea nitrogen content of the blood plasma. Post-partum 
effects observed were calf weight gain, milk production, efficiency 
of milk utilization, interval from calving to first estrus, and other 
indicators of ovarian activity. Calf weight gain during the post-cow 
trial feeding period was also analyzed. The kind and quantity of pro­
tein supplementation that would give satisfactory beef cow performance 
was estimated. 
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REVIEW OF LITERATURE 
It is widely held that a fetus does not suffer from 
nutritional deficiency. In general, fetal weight is 
small relative to maternal weight and a diet which may 
be inadequate for the mother is supposed, under most 
circumstances, to meet the needs of the fetus. In 
short the fetus is said to be a parasite. 
Chow and Sherwin, 1965 
Introduction 
Probably the most critical nutritional periods of a female animal's 
life are the times of pregnancy and lactation. For the domestic animal 
this spans nearly all of the adult lifetime. Usually these critical 
reproduction periods commence before the animal reaches physiological 
maturity. 
In order to have an understanding of maternal nutrition a knowledge 
of fetal growth and of the requirements of lactation is important. 
During pregnancy there is protein deposition in the fetus, the uterine 
wall, the placenta and in the extrauterine tissues. Blaxter (1904) has 
compiled statistics to show that the nutritional demands on a pregnant 
animal are not as great as during lactation. For the rat, ox, and pig 
the rate of protein synthesis during lactation is 6, 3 and 12 times as 
great, respectively, as that during pregnancy. 
Much is still unclear concerning these vital areas of animal nutri­
tion. Effects on the young of excessive or very restricted maternal 
nutrition pre- and post-natally have been poorly defined. Over-
nutrition during pregnancy may decrease proùucliveuéis ûf the dam. 
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Deliveries are often more difficult and the capacity of milk secretory 
tissue to produce may be impaired. With rising production costs, ex­
cessive feed expenses can not be justified. Severe under-nutrition can 
cause weakened offspring with subsequent reduced growth rates, poor milk 
flow and reproductive failure of the mother. The goal then is to feed 
the pregnant dam as economically as possible and still have her give 
birth to thrifty offspring. She must produce enough milk for optimum 
growth and rebreed as quickly as desired. 
What follows is a review of some of the literature concerning 
maternal nutrition with particular emphasis on protein. 
Rat Nutrition 
Bacon F. Chow and his co-workers at Johns Hopkins University have 
conducted numerous experiments with rats on the effects of maternal diets 
on the growth and development of offspring. Chow and Lee (1964) pub­
lished results of initial work which was begun in 1954 and continued 
through 1962, The effect of dietary restriction during pregnancy to 
one-half of the intake of the unrestricted rats resulted in an average 
fetal weight of 6.7 and 4.3 g for the pups of the unrestricted and 
restricted dams, respectively. When weight gain of the offspring was 
measured, the restricted pups of both sexes were consistently below 
those of the unrestricted. This was observed for as long as one year 
afterwards. This seemed to be a lifetime effect as progeny from mothers 
fed a restricted diet weighed less than two-thirds that of the controls 
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even after 1.5 years of ad libitum feeding. Anemia and a decreased 
resistance to hypothermia were also observed. The adverse effects of 
restricted nutritional Intake were corrected t^en pituitary extract or 
growth hormone was administered shortly after weaning. 
The protein metabolism in the offspring of these underfed mother 
rats was studied until they were 20 months of age (Lee and Chow, 1965). 
At each observation, the dally food consumption per unit body weight 
was greater, feed efficiency was lower and there was a higher fecal and 
urinary nitrogen loss in the restricted progeny. This resulted in a 
lower mean nitrogen retention at each age. There was also an abnormal 
distribution of nitrogen-containing components of urine. At 3 and 20 
months of age, the restricted progeny had a significantly larger pro­
portion of total amino acids in the urine while differences between urea 
and creatinine were not significant. 
Venkatachalam and Ramanat^an (1964) found that protein deficiency of the 
dams during gestation (18% vs. 77. protein) was not necessarily reflected 
in a lower birth weight (5.01^ 5.04 g). However, growth (35.3 vs. 18.2 g) 
was impaired even though adequate protein was supplied during the post­
natal period. Chow (1964) studied the growth of rats from dams that had 
been restricted to 50 or 75% of libitum intake of a commercial rat 
feed in previous pregnancies. He found that a history of restriction 
during pregnancy and lactation appeared to have no carry-over effect on 
a dam during a later unrestricted cycle. 
In a review article, Chow et al. (1967) reported a permanent growth 
stunting of progeny in spite of adequate post-weaning nutrition. Quality 
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of protein fed greatly influenced growth of progeny. Malnourished 
progeny showed a reduced calorie tolerance and slower development of 
neuromotor facilities. A second generation effect was reported. Six 
restricted female progeny which had been fed Purina Chow ad libitum 
since weaning were mated. They continued to receive this ration through­
out pregnancy and lactation. At 13 weeks of age the second generation 
male offspring weighed 338 and 291 g, respectively, from the control 
and restricted females (P< .05). 
Hsueh £t al. (1967) continued the series of experiments by testing 
the influence of the quality of protein as well as quantity since re­
storing vitamins, minerals and caloric intake failed to prevent growth-
stunting. The dams were fed ad libitum a formulated diet containing 
207. Alpha Protein with or without 0.35% supplemental methionine. The 
Alpha Protein which is a commercial preparation known to be deficient 
in methionine was substituted for casein, Male rat progeny at birth and 
at 26 wk of age weighed 6.4 and 4.4 g and 450 and 315 g, respectively, 
on the methionine and non-methlonlne supplemental diets. 
Lee and Chow (1968) studied nitrogen utilization of progeny from 
unrestricted and 507, restricted mothers fed Purina Laboratory Rat Chow. 
The progeny were fed protein of different nutritive quality including 
egg albumin, Alpha-Protein and casein. The restricted progeny utilized 
a good quality protein such as egg albumin as well as the unrestricted 
progeny, but they could not utilize a poorer quality protein as well. 
Urine was analyzed for amino acid content and more total amino acids 
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and others. An extensive bibliography of references con­
cerning all methods for solving systems of linear equations 
can be found in Householder (9) and Forsythe (2). Among the 
class of gradient methods are the methods of projection so 
named because the schemes have a geometric projection inter­
pretation. There are many projection methods such as 
Kaczmarz's as found in (17, 1, 10, 5) and Cimmino's as found in 
(17, 10, 1, 5), and a method developed by the Raytheon COTÇ>any 
as found in (17). However, the method developed by A. de la 
Garza (4), in 1951, has since become known as the projection 
method. Garza's projection method is so named because the 
approximate solution is improved by projecting the residual 
vector onto a subspace determined by one or more of the 
column vectors of the coefficient matrix. 
Iterative methods are used mainly in those problans 
for which convergence is known to be rapid so the solution 
is ascertained with much less work than a direct method or 
for large systems when direct methods would be costly, in­
accurate and storage dependent. A distinct advantage of 
iterative methods is that rounding errors do not accumulate, 
for they are restricted to the last operation. Among the 
disadvantages are that convergence may be very slow, or 
perhaps convergence will not occur at all unless the system 
of equations satisfies certain conditions. A further dis­
advantage is that some iterative methods such as Southwell's 
8 
neurological damage does result from maternal dietary restriction during 
gestation and lactation and that normal growth per se does not rule out 
the presence of damage from an earlier nutritional stress. 
Simonson al. (1971) confirmed earlier behavioral studies with 
groups of restricted and control progeny in open field box tests. The 
restricted pups showed heightened emotional behavior as indicated by in­
creased defecation and decreased exploratory activity. 
Niiyama et al. (1970) investigated the importance of essential amino 
acids in the maternal diet and found that fetal wastage occurred when­
ever a gestating diet was fed which lacked one of the essential amino 
acids other than lysine. Fetal wastage could be prevented in these 
diets by the daily administration of estrone and progesterone. It was 
concluded that fetal wastage may be caused by decreased ovarian steroid 
secretion due to decreased synthesis and release of hypophyseal 
gonadotrophin. 
Hsueh et (1970) found that pups from dams subjected to a 50% 
ad libitum dietary restriction during gestation had poorer feed utiliza­
tion and reduced growth potential. The stunted animals consumed more 
feed per unit of body weight when comparing animals of equal ages as 
well as of equal body weights. They believe that stunted animals from 
restricted mothers have metabolic derangements that cause inefficient 
feed utilization. These animals showed subnormal nitrogen retention, 
increased urinary amino acid nitrogen excretion and reduced glucose 
tolerance. 
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Stephan et al. (1971) reported that growth stunting of pups can 
be corrected by the administration of pituitary extract or growth hor­
mone shortly after weaning. They found that the weight of pituitary 
gland of the pups at 6 months of age from the ad libitum fed and 507. of 
ad libitum dams was 11.95 and 8.18 mg, respectively. A decrease in 
growth hormone content of the restricted pups was found, and they be­
lieved that the retarded growth was due at least in part to the growth 
hormone deficiency. 
Influence on biological aging as a long term effect of maternal 
undernutrition on offspring was studied by Roeder and Chow (1972). 
During adulthood and senescence,the experimental animals resembled 
chronologically older ones as was evidenced by response to stress and 
development of age-associated biochemical changes. They believe that 
the aging acceleration was caused by increased feed intake relative to 
body weight over that consumed by control rats throughout postweaning li&& 
Barnes et al, (1973) conducted work with somewhat different results. 
Permanent growth stunting for those rats malnourished by feeding the 
dams a low protein diet for the first 3 weeks of life but not for those 
malnourished from 3 to 7 weeks of age was observed. Growth hormone ad­
ministration during nutritional rehabilitation was without effect upon 
growth rate or ultimate body weight, and decreased efficiency of food 
utilization persisted. Postprandial oxygen consumption was higher in 
previously malnourished rats. They noted no changes in the animals 
that had been malnourished during the period of gestation alone which 
appears to be at variance with many of the previously reported trials. 
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The permanent effect of prenatal dietary restriction at 50% ad 
libitum intake of a commercial feed on the brain of the progeny was 
studied (Stephan, 1971), The brain weight of progeny at six months 
of age from mothers JAIO had been restricted during gestation and from 
those on ad libitum feed were 2.026 and 2.121 g, respectively (P< ,01), 
Mean brain values for MA, RNA and cholesterol of the restricted progeny 
showed no permanent deficiency. The author concluded that the behavioral 
changes previously observed might be related to a disturbed hormonal 
pattern rather than to impaired cellular development. Chow and Stephan 
(1971) concluded from another trial that progeny females that were 
given a dietary restriction of 507. of ad libitum were more susceptible 
to a second stress in addition to growth stunting. Progeny were more 
vulnerable to the growth stunting effect of the antithyroid drug, 
thiouracil than were the normal control progeny. 
Chow and Rider (1973) summarized implications of the effects of 
maternal diets in the series of experiments conducted at chc Johns 
Hopkins University and other places. An overall dietary restriction 
during gestation and lactation or during gestation alone of 507. causes 
increased infant mortality, permanent growth stunting, delayed develop­
ment, increased feed intake per unit of body weight, behavioral ab­
normalities, abnormal social behavior and impaired learning ability. 
All of these abnormalities occur in spite of unlimited food of high 
quality being made available to the pups after weaning, 
Davis e^ (1972) divided female mice into two groups. The control 
mice were fed a commercial laboratory feed, and the experimental mice 
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were fed 65 parts of the above feed and 35 parts sucrose during gesta­
tion and lactation. The progeny of the sucrose fed dams were sig­
nificantly and permanently heavier than controls even though both 
groups were allowed to consume the commercial laboratory feed after 
weaning. A difference between the two groups was found in the glucose 
tolerance test. The authors conclude that their results are in agree­
ment with the previously reported rat studies which showed maternal 
diet during pregnancy and lactation can have a significant and per­
manent effect upon the performance of progeny. 
Maternal Nutrition of Swine 
A series of experiments were conducted in North Carolina in which 
the influence of two intake levels each of protein and energy during 
gestation on reproductive performance in swine was studied (Clawson 
et al,, 1963), Treatments were 3 or 6 lb of feed daily containing 
either 0,3 or 1,2 lb of protein. As expected, the high energy level 
produced greater gains on the gilts during gestation. The low energy 
level appeared to be adequate for reproduction and lactation, but in 
3 of 4 trials significantly heavier pigs were farrowed by the gilts re­
ceiving the higher energy. There was no significant effect from pro­
tein level when gestating gilts were fed 5, 10, 20 or 40 percent 
protein as measured by number of pigs farrowed, birth weight, pig sur­
vival or litter weight at weaning, 
Frobish (1964) studied the reproductive effects of protein and 
energy intake. Sows were ted the same experiuicûcal raticr» thrcjgh 
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successive reproductive cycles until they were removed from trial. 
Data from three trials were averaged but showed no significant differ­
ences between low protein (LP) and high protein (HP) fed sows receiv­
ing 0.4 and 0.8 lb of protein per day, respectively, when measuring 
the following traits; number of live pigs farrowed, average birth 
weight of live pigs and average pig gain from birth to weaning. Sows 
on the HP treatment did wean an average of 1.2 more pigs although sow 
weight change from the start of the experiment to weaning was similar. 
The sows on the high energy intake of 12,000 kcal per day gained more 
weight from Initiation of the experiment to weaning than did those on 
an intake of 6,000 kcal per day. 
Neither the level or source of protein influenced litter size, 
number of live pigs farrowed, birth weight of live pigs or livability 
of pigs when gilts and sows were fed on trial during last half of preg­
nancy at Illinois (Rippel et al., 1965). Weight change of the gilts 
differed because of protein level. Litters from gilts fed 57. protein 
during gestation and then switched to 16% protein during lactation 
gained faster than litters from gilts fed 57. protein diets during both 
pregnancy and lactation but not as well as those fed 16% protein during 
both phases. A 977. corn diet gave performance at parturition equal to 
that of the 167. corn-soybean meal diet though dam winter weight gain 
and litter weight gain were inferior. 
In related work at the Iowa Station, sows were carried through 
four reproductive cycles on diets containing 8, 12, 16 or 207. crude 
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protein (Holden ^  al.f 1968), They found no differences in number 
of pigs farrowed alive, birthweight or number of pigs weaned. Data from all 
sows were analyzed, and a significant .05) linear increase in pig gain 
fgosa birth to weaning wag found as the protein level of the sows was 
ûicreasêd. This was not significant when the data from only the 
sows that had completed 4 reproductive cycles were analyzed. Crude pro­
tein level in sow's milk at two-weeks postpartum increased linearly with 
increased dietary protein. 
Baker et al. (1970) at Illinois studied reproductive performance 
and progeny development of 94 litters of swine fed an 8.77. protein com 
diet during various portions of gestation. Pigs from sows fed the 
corn diet through gestation and the pigs from sows fed a 16% protein corn-
soybean meal diet gained 2.63 and 3.48 kg, respectively, to 21 days of 
age. Litter performance was improved by feeding the corn-soybean meal 
diet during the last one-third of gestation but not by feeding it during 
the first one-third. 
DeGeeter ^  al. (1972) studied litters from sows on gestation 
rations of 45 or 309 g of protein per day. The low protein sows gained 
significantly less during gestation and lost more weight during nursing. 
There was no change in litter size or pig birth weight, but a decreased 
preweaning rate of gain by pigs from low protein fed sows was noted. A 
carryover effect of gestation treatment to lactation was shown in reduced 
gains of pigs nursing sows fed low protein during gestation but high 
protein during lactation. It was concluded that the larger weight 
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loss by the low protein sows was likely a combined effect of protein 
level and reduced feed intake during lactation. Even though gilts 
were fed ad libitum during lactation, the low protein and high protein 
gilts consumed 2,73 and 4,79 kg of feed daily, respectively. 
The effect of protein level during pregnancy and lactation on 
plasma amino acid levels of sows during four successive reproductive 
cycles was studied at Iowa State using diets containing 8, 12, 16 and 
20% protein (Lucas et al,, 1969), Plasma levels of total essential 
amino acids and of arginine, isoleucine, leucine, lysine, threonine 
and valine increased linearly over the gestation and lactation periods 
while histidine, methionine and phenylalanine increased quadratically 
with increasing levels of protein. Levels were significantly higher 
during gestation than during lactation, 
Hawton and Meade (1971) conducted a study at Minnesota in which 
body weight change and reproductive performance of sows and the develop­
ment of carcass characteristics of their offspring were observed. Sows 
were individually hand-fed com-soybean meal diets at a, rate of 1,82 kg 
per head daily throughout gestation to provide identical metabollzable 
energy intakes and daily protein intakes of 341, 250 or 154 grams. A 
16% protein ration was fed during lactation to provide energy require­
ments for maintenance and activity plus 0.36 kg of additional diet for 
each pig nursed. Due to reproductive failures, it was concluded that 
the productive life of the sows was reduced by feeding the lowest level 
of protein during gestation. In one trial, protein level affected sow 
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weight gain during gestation, but there was no significant difference 
on farrowing weight loss or number of live pigs bom. Pigs from sows 
fed high protein gained significantly more weight from 0 to 21 days. 
However, average sow weight loss during lactation was unaffected by 
daily protein intake during gestation. Quantity and quality of protein 
fed the pregnant female had little effect on dally gain and feed/gain 
ratios of the pigs from 21 days to slaughter weight. There was no in­
fluence on the offsprings' carcass characteristics as measured at 
slaughter. 
Pregnant swine under very severe protein restriction have been 
studied at Cornell University (Pond et al., 1968a). In one experiment, 
gilts were bred during the first estrus following the implementation of 
the following diets; Protein-free (PF), control (12% protein) and all 
com. Two out of the five gilts on the PF diet did not show estrus. Of 
the three who settled, two died suddenly on days 67 and 101 of pregnancy. 
The remaining gilt quit eating after day 100 and so from day 108 until 
farrowing was fed the control diet. On day 113, a litter of nine live 
pigs and one stillborn was farrowed. The average birth weights of 
the live pigs were 799, 1074 and 1017 g, respectively for the PF, control 
and all-corn fed sows. The weights of the survivors at 3 weeks were 
2858, 4966 and 3750 g, respectively. 
In a second experiment^ PF and control diets were Introduced at 
days 24 to 28 of gestation and continued until parturition. At farrowing 
all gilts were fed the control diet ad libitum. During gestation the 
PF gilts lost 2 kg while the control and all-corn gilts gained 31 and 
16 
17 kg, respectively. There were no significant differences between 
the dietary treatments in number of live pigs per litter, individual 
pig birth weights or total serum protein of the pigs at 2 to 3 days 
of age. The PF gilts exhibited lower total serum protein levels midway 
through the third trimester of gestation. The authors felt this indi­
cated depletion of labile protein reserves of the PF group to satisfy 
fetal requirements. At day 2 or 3 of lactation, one-half of the sur­
vivors of each litter were reciprocally transferred to a foster sow to 
test the effect of gestation diet on postnatal performance of the 
progeny. Milk production of gilts fed protein-free diets during preg­
nancy was adversely affected as indicated by the significantly lower 6 
weeks weight of their own and of the pigs transferred to them from con­
trol sows. It was concluded that pregnancy can be maintained in the 
gilt deprived of dietary protein by dependence on maternal tissue stores 
of amino acids for fetal growth. Starting the PF diet at day 24 to 28 
of pregnancy appeared to have far less effects than inception before 
breeding. 
Pond et al. (1969) studied the effects of dietary protein depriva­
tion during various intervals of gestation on progeny growth and on 
nucleic acid content of the brain and muscle of progeny during young 
adulthood. All gilts fed a PF diet during any part of pregnancy lost 
weight. This substantiates the concept of a "labile protein reserve" 
for maintenance of pregnancy during dietary deprivation. Litter size 
«Aft not slgnificantlv affected by treatment, but birthweight and post­
natal growth rate were reduced in pigs from gilts fed PF diets from day 4 
of gestation to parturition, A transitory effect was evident in the 
young of the gilts fed the control diets from day 16 to day 20 and then 
the PF diet for the rest of gestation. The beneficial effect of 
transitory protein at implantation time was seen in increased birth 
weight and more rapid post-natal gains in the progeny. The progeny were 
slaughtered at approximately 90 kg, and no treatment effects were seen 
in the fresh weights of cerebrum and cerebullum plus medulla. The 
percentage dry matter was greater in brains of the controls. Studies 
of DNA and RNA content showed greater RNA content in the brain of con­
trols, suggesting greater activity of protein synthesis. No differences 
were noted in dry matter, protein, DNA or RNA concentration of skeletal 
muscle. They concluded that protein deprivation of the gilt, while re­
sulting in reduced gains and reduced birth weight, did not permanently af­
fect DNA (cell numbers) content of the brain of the young. 
Pond et al, (1968b) reported results of a follow-up study on the 
pigs from PF and control fed gilts during the final three-fourths of 
gestation. All gilts were fed the 127. control ration during lactation. 
These pigs which were cross-fostered through lactation were fed an 187. 
corn-soybean diet from weaning to slaughter weight. Individual bodyweight 
gains and litter feed consumption from weaning to slaughter at 93 kg 
showed no differences associated with prenatal or preweaning treatment. 
Carcass backfat and area of the 1. dorsi muscle failed to reveal any 
differences in carcass characteristics. Differences in the cross-
sectional area of the dorsi muscle between the 10th and 11th ribs 
could be an indication of differences in muscle cell number. 
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Pond (1973) reviewed the effects of maternal protein and energy 
nutrition in swine during pregnancy on the subsequent development of 
the progeny. He concluded that the sow appears to be able to buffer her 
pigs against nutritional protein and energy deficiency by drawing on her 
own reserves to allow for fetal survival. Severe deficiency of either 
protein or energy has resulted in birth weight reduction and a de­
pression in milk production. There appears to be a different mechanism 
involved in causing the reduced birth weight of pigs because protein 
deprivation throughout gestation but not energy restriction causes a 
permanent stunting effect on rate of gain to market weight. The effect 
on subsequent mature size of the progeny has not been elucidated. 
Maternal Nutrition of Sheep 
Much of the research that has been reported for sheep has energy 
nutrition confounded with protein effects and it is difficult to ascertain 
if the responses noted are due to protein or energy or from an interaction. 
Papadopoulos and Robinson (1957) studied a high and a low plane of pre-
and post-natal energy nutrition for grazing ewes and found that mean 
birth weights of lambs were indistinguishable. However, the effect of 
post-natal nutrition on lamb growth was highly significant. Weight of 
single-raised male lambs at the 13 weeks weaning age was 78.1 and 64.7 
lb for the high and low planes, respectively. Restricted feed intake 
during pregnancy or lactation was found to reduce wool growth propor­
tionately. 
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McClelland and Forbes (1973) studied the performance of 60 housed 
Scottish Blackface ewes given two levels of metabolizable energy (ME) 
during the final 6 weeks of pregnancy. Energy intake had no significant 
effect on ewe body weight change or lamb birth weight. They found no 
significant relationship between nitrogen retained during the 3 weeks 
pre-partum and lamb birth weights. 
Peart (1967) studied the effects of different levels of energy 
nutrition during late pregnancy on subsequent milk production of Black­
face ewes and on lamb growth. Birth weights of single born lambs from 
ewes fed a high, medium and low level of energy were 4.83, 4.18 and 
3.49 kg, respectively. All ewes were fed the same ration ad libitum 
during lactation, and after the second week,lambs from all treatments 
made similar liveweight gains. He concluded that the effects of mal­
nutrition during pregnancy may show up in lactation. Even though ample 
nutrition is then provided, the growth potential of the lamb may be 
inhibited. Reduced milk production may be due to the inability of small 
lambs to exploit the milking potential of the ewe. 
Workers at the North Dakota Experiment Station studied the protein 
requirements of 120 ewes of varying ages during breeding and pregnancy 
each of two years (Klosterman et al., 1953). Dietary energy levels 
using wheat straw, yellow corn and molasses were held constant while 
ration total crude protein content of 5, 8 or 117. was provided. After 
lambing,all ewes were placed on a common lactation diet containing 
grass hay, yellow corn and soybean meal. No significant differences 
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were found between treatments in ewe fleece weight, birth weight of the 
Iambs or weight of the Iambs at 30 days of age, The cause of a higher 
death loss of ewes on low protein was uncertain. Nitrogen balance 
studies were included in the experiments, but only in late pregnancy 
were differences observed. Nitrogen retention of ewes fed higher levels 
of nitrogen was significantly higher. A significant correlation was 
found to exist between nitrogen retention and digestible dry matter 
intake. They concluded that as long as energy intake is relatively 
constant, it is difficult to influence lamb production significantly by 
protein intake of pregnant ewes. However, adequate energy is needed to 
properly utilize nitrogen. 
In a study in Ireland, Robinson and Forbes (1968) fed ewes on one of 
eL^t diets which contained four Intakes of protein and two levels of energy. 
After lambing, the ewes received a standard protein intake of approximately 
260 g/68-kg ewe and a metabolizable energy intake of either 4700 or 
4186 kcal/68-kg ewe per day. They found that ewe live-weight loss during 
early lactation, Iamb growth rates up to 3 weeks and ewe milk yield at 3 
weeks tended to decrease with decreasing protein intake during pregnancy. 
They felt that if nutrition is adequate during lactation, undernutrition 
in late gestation has only a marginal effect on milk production of the 
ewe. Results suggested that ewes given a higher level of energy during 
pregnancy were less efficient milk producers. 
Maternal Nutrition of Beef Cows 
More nutritional information has been reported with beef cows on 
energy and on energy-protein combinations than on protein requirements 
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alone. 
Since energy comprises a large portion of the ration, knowledge of 
optimum levels is important. Neville and McCullough (1969) in Georgia 
calculated energy requirements of lactating and non-lactating Hereford 
cows and found requirements for maintenance and gain were 31 and 29% higher, 
respectively for lactation. In closely related work, Neville (1971) studiai 
the effect of age on energy requirements of lactating Hereford cows. 
Thirty cows, 2 to 12 years of age were started 5 weeks after parturition 
on a series of three, 5-week periods at different energy levels. Results 
showed that age did not affect lactating Hereford cows' energy requirements. 
At Minnesota, Rust et al. (1970) fed pregnant cows, in a wintering 
trial, digestible energy according to their metabolic weight. At 70, 
85 or 100% of the NRC recommendation, average body weight changes for the 
126-day feeding period were -36, -6 and 37 lb, respectively. Calf birth 
weight was not affected by treatment, but cows fed the lowest energy levels 
weaned lighter calves. When all cows later received equal treatment, cows 
which lost the most weight during winter made better summer gains. 
Furr and Nelson (1964) conducted three trials on level of supplemental 
winter feeding of fall calving beef cows that were on native grass pasture 
or drylot and found average birth weights of calves to be nearly equal. 
Milk yields were generally increased by higher levels of supplemental 
winter feed. Cow winter weight losses decreased and spring weights of 
calves increased by higher levels of supplemental protein and energy. 
Workers in South Africa reported calf birth weights from cows on a 
low plane of nutrition weighed 4.3% less at birth (Joubert and Bonsma, 
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1957). Cows on the low plane of nutrition had only natural grazing 
while those on the high plane received hay, silage and concentrate In 
addition. From conception until just prior to calving, weight Increases 
of 14.8 and 31.2% of original body weight for the low and high plane cows, 
respectively, were recorded. It was concluded that birth weight of the 
calf will be affected only if the level of nutrition falls below the 
cow's own maintenance requirements. 
McGlnty and Ray (1973) fed 54 cows either a normal level of energy 
(NE = 3.7 kg TDN) or a low level of energy (LE = 657. of NE) for the 54 
days preceding calving. During this period, the NE cows gained 32 kg 
and the LE cows lost 23 kg. Calf birth weight was 32 and 29 kg for the 
NE and LE, respectively. Following parturition all cows were fed the 
same ration. A breeding period of 110 days was used and 79 and 897. of 
the NE and LE cows were in heat, respectively. Why more of the LE cows 
were in heat is not known. Fifty-nine and 427. of the NE and LE cows, 
respectively were settled during the first breeding. 
Davis et al, (1973) at Kansas State compared the effects of energy 
and protein levels in wintering rations on the subsequent conception date 
of pregnant Polled Hereford cows on Flint Hills pasture from 1968 to 
1971, The time to conception was significantly affected by nutritional 
treatment. Energy appeared to be the limiting factor on date of breeding 
as a ration containing 3 lb of mllo was superior to 1,5 lb of soybean meal. 
In a second trial, 3 lb of alfalfa and 6 lb of mllo were superior to 3 lb 
of alfalfa hay and 3 lb of mllo. Unsatisfactory results were obtained 
when grain feeding was delayed until after calving. 
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A trial in Oregon was conducted with Hereford cavs wintered on 
native meadow hay fed ad libitum and at 75% and 50% ad libitum (Wallace 
and Raleigh, 1964). One-half of the cows on each treatment received 1 lb 
of cottonseed meal. After calving, all cows were fed a common ration. 
Birth weights, weaning weights of the calves and conception rate of the 
cows were not affected by the treatments. 
Langford et al. (1958) conducted a 6-year beef cow wintering trial 
in North Dakota. A normal ration of com silage and hay which met NRC 
recommendations was compared to a ration containing 757. of the NRC re­
quirements. All cows and calves grazed together during the summer. Even 
though the low-fed cows lost 41 to 66 lb over winter, they tended to make 
it up on summer grass. Total yearly gain was not greatly affected until 
the low wintering ration was continued for 4 or more years. They concluded 
that the main effect must be an energy deficienqr since supplemental protein 
did not materially In^rove the cows' performance. The low-fed cows pro­
duced calves that were 4 lb lighter at birth which was statistically 
significant only in two years. Even though calf weaning weights from 
normal cows were 33 lb highexj it was concluded that this was not enough 
to offset the extra winter feed costs. Work of Kasson et al. (1967) ap­
pears to be in agreement as they found that 1 lb of a 40% supplement did 
not provide sufficient energy for young pregnant heifers. However 4 lb 
of sorghum grain gave satisfactory weight responses. 
Foster and Raleigh (1973) studied two levels of energy and two 
sources of nitrogen for fall calving cows at the Squaw Butte Experiment 
Station, Bums, Oregon. Conception rate was 94% and 84% and cow weight 
24 
change was -20.5 and -28.6 kg for the high and low energy treatments, 
respectively. Cows fed biuret and cottonseed meal lost 28.2 and 12.3 kg, 
respectively. There were no significant differences in calf birth 
weights. 
Dunn et al. (1965) at Nebraska studied energy level and reproduction 
in 2-year-old heifers suckling calves. High and low levels of energy at 
8 and 4 lb of TDN, respectively, were fed for 140 days pre-calving; and 
high, moderate and low levels of energy of 22, 13 and 7 lb of TDN were 
fed post-calving. They found that calves were lighter at 120 days of age 
in high-low and low-moderate treatments. Energy level after calving de­
termined the number of cows becoming pregnant. Interval from start of 
breeding season to conception was shorter in cows receiving the high 
level pre-partum. Cows on the low level before calving were later in 
expressing estrus. 
Effect of plane of nutrition on cow weight change was studied in 
Canada (Jordan et al., i968a). Shorthorn cows were individually fed 
four different energy levels during winter pregnancy and barn nursing for 
4 years. The high treatment was an ad libitum feed of corn silage plus 
1.0 kg hay per 100 kg initial body weight. Other treatments were 80%, 
607a and 407. of the high level. One-half of the cows on all treatments 
received 0.45 kg linseed oil meal daily. High level cows were excessively 
fat throughout the 4-year experiment, and the lowest level cows were fed 
below the limit that would allow satisfactory weight recovery on summer 
pasture. Cows fed linseed oil meal lost significantly less weight but 
this had no significant effect on the cow*s ability to recover lost body 
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weight on pasture. 
Clanton and Zimmerman (1966) studied the effects of protein levels 
in winter rations under Nebraska conditions. Two groups of 16 cows were 
started at 20 months of age on two rations differing in protein content 
during five consecutive winters. They were then grazed on bromegrass 
pasture during the summer. They concluded that protein supplementation 
may be effective in stimulating increased voluntary forage consumption 
vAen protein content of the forage is low. The protein supplemented cows 
gained weight at a more uniform rate during the growth and development 
period, and a larger percent of those that calved in the protein supple­
mented group became pregnant when rebred. 
More basic studies of the capacity of the mature cow to lose and 
recover nitrogen and the significance of protein reserves were conducted 
in Belgium (Paquay et al., 1972). Experiments using dry, non-pregnant 
cows showed that nitrogen balance and body-weight gains were well cor­
related. It was also found that cows under extremely variable nutritional 
conditions are able to store and lose large amounts of nitrogen. They 
determined that the percentage of protein in the carcass increases as 
the protein content of the diet increases and that nitrogen digestibility 
is not affected by protein stores. When energy and nitrogen intake are 
abruptly increased, urinary excretion is Immediately adjusted whereas 
fecal nitrogen increases only gradually. When eating a protein-free 
diet, there is Induced a rapid decrease in the urinary excretion of 
nitrogen. Fecal nitrogen decreases much less because when eating a 
protein-free diet insûeaù ol fâôtlîig, ths ingested dry rnetter induoe* 
endogenous nitrogen losses in the feces. When there are large 
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nitrogen and energy intakes before fasting, there are larger protein re­
serves and consequently greater urinary losses during the first few days 
of fasting. The repletion and depletion of protein reserves can occur 
over long periods of time. Total protein reserves include a very labile 
part which is lost more rapidly during fasting than during feeding on 
low-protein diets. This part can then be used to temporarily meet the 
energy and protein requirements of the animal. 
The reproductive performance of the beef cow is of practical and 
economic significance. Dunn et al. (1969) at the Nebraska Station re­
ported on the reproductive performance of 203 Angus and Hereford 2-year-
old heifers as influenced by pre- and post-calving energy intake. Level 
of post-calving energy altered reproductive performance. Eighty-seven, 
72 and 647. of the cows fed a high, moderate and low level of energy, 
respectively, were pregnant. They concluded that lower levels of energy 
than NRC recommendations may be fed in late pregnancy if high levels are 
fed post-calving; however, onset of estrus was delayed in cows receiving 
the low energy before calving. 
The sexual activity of 14 heifers studied in South Africa was in­
fluenced by high and low nutritional planes (Joubert, 1954). Although the 
number of services required per conception and the average length of the 
estrous cycle were not significantly affected, post-parturn estrus was 
delayed by lactation. The high-plane animals came into heat only after 
their calves were weaned while the low-plane cattle required an additional 
year's time to replete body stores before sexual activity was restored. 
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Two-year-old cows wintered on grass hay supplemented with 0.5 lb of 
40% protein, 1.0 lb of 40% protein or 2.0 lb of 207. protein gained 69, 
94 and 117 lb, respectively, to calving. The time from calving to first 
heat was not greatly affected by treatment nor was average calf birth 
weight or adjusted weaning weight (Clanton and Jones, 1970). This 
agrees with work by Jordan et al. (1968b) in Canada who reported tha* 
varying beef cow energy over a 4-year wintering study did not sigiilficards 
affect average birth weight or average daily gain to weaning. Supple­
mental linseed oil meal did not affect the preceding parameters, and there 
was little difference in calf survival. Supplementing the cow's ration 
with protein had an effect on birth weight only under very restricted 
levels of Intake. 
Lamond (1970b) conducted similar experiments in Australia on beef 
heifers in two successive years. A group of heifers was placed on a 
restricted intake of nutrients for most of an estrous cycle. Conflicting 
results were shown, as for the first year, the restricted heifers had a 
lower yield of fertilized ova; but in the second year, the control heifers 
showed reduced fertility. He concluded that previous nutritional history 
may have an Influence on reproduction. 
Lamond (1970a) defines undernutrition as occurring when cattle re­
ceive a submaintenance ration of an adequate diet which provides a 
balance of nutrients. Malnutrition is the Intake of an Inadequate or 
faulty diet which may cause reproductive failure. There is belief that 
the infertility may be due to the reduced caloric intake. He states 
that it is possible that the level o£ uutxiLiuii ulL'êCwly affcCts ths 
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genital tract, principally the growth of follicles and secretion of 
ovarian steroids, and that this in turn causes alteration in hypothalamic-
pituitary function. 
Might (1966) studied the effects of a high vs. a low-plane of nu­
trition prior to calving on the performance of hill-country beef cows 
in New Zealand. Two groups of cows were grazed in equal sized pastures, 
but the high-group was also fed hay to appetite. The cows were on trial 
pre-calving an average of 83 to 90 days, and all cows were offered a 
high-plane of nutrition after calving. The low-plane cows lost 155 lb 
from beginning through calving, while the high-plane cows lost 38 lb; but 
by weaning time the low-plane cows had compensated for this earlier loss. 
Low-plane calves were 12 lb and 36.4 lb lighter at birth and at weaning, 
respectively. Of the cows started on experiment, 93.4 and 75 . 47. weaned 
calves from the high and low treatments, respectively. 
Might (1968) followed his earlier work by studying high (M) and 
low (L) plane of nutrition from calving to weaning in addition to the 
90-day pre-calving period. Four nutritional regimens were implemented, 
M-H, M-L, L-M and L-L, Nutritional plane did affect cow liveweight change 
both pre- and post-calving. The number of calves present at 131 days of 
age as a percentage of the number of cows started on the experiment was 
97.1, 88.6, 76.5 and 75.0% for the H-M, H-L, L-M and L-L treatments, 
respectively. The low-plane calves were 13 lb lighter at birth, and the 
percentage of cows not in calf approximately 200 days after calving was 
9.1, 9.1, 3.1 and 44.87. for the preceding treatments, respectively. 
Bond and Wiltbank (1970) reported that birthweights of calves bom 
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to first-calf heifers fed a low and a high level of energy were 19.0 and 
24.8 kg, respectively. Calf birth weights of second-calf heifers were 
not significantly different. Level of energy which the dams received 
post-calving significantly affected the growth rate of the calves. They 
found no effect on estrous cycle or conception rate when heifers were fed 
for a compensatory or continuous growth rate. No effect on birth weight 
due to level of protein fed to heifers was found. 
Wiltbank et al. (1965) believe that a major problem in the beef 
industry is poor reproductive performance, and in beef cows it is in­
fluenced by the quantity and quality of feed. They found that weanling 
heifers fed a low energy diet of 5.0 lb per day total feed did not reach 
puberty. However, heifers on both low levels of energy and protein re­
sponded later to a more adequate ration by coming into estrus and con­
ceiving. Anestrus in heifers appeared to have been caused by an inade­
quate supply of energy or of protein. A low level of protein in the diet 
seemed to reduce the voluntary intake of feed and thus to have the effect 
of lowering the energy level of feed consumed. Heifers on high energy 
rations had trouble calving because they were extremely fat, and the 
death rates of their calves were high. Calving difficulty appeared to 
be related to the condition of the heifers. While the average birth-
weights of the calves from high-energy fed heifers were higher, they were 
not excessive, and the average gestation length was similar. Post-partum 
Intervals to estrus and to ovulation were greatly lengthened by feeding 
low-energy rations, and most of the heifers on low-energy rations did not 
come into estrus while they were nursing their calves. As expected, calf 
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growth and milk production of cows were less In those fed low levels of 
energy or protein. 
Guenther et al. (1965) at Oklahoma studied the Influence of nutri­
tional level of the dam during gestation on subsequent growth and develop­
ment of the calf. Calves from cows on a high nutritional level during 
gestation weighed 13 lb more at birth and 30 lb more at weaning than did 
those on the low nutritional level. The effects of pre-natal nutrition 
were still noted in the post-weaning period because at slaughter the 
calves from the high level cows produced 22 lb more carcass weight, had a 
higher average daily gain (2.58 vs. 2.32 lb) and were more efficient 
converters of feed during the post-weaning feedlot period. 
The effect of high and low feed levels in alternate winters on growth 
and development of beef heifers was studied (Smithson et al., 1964). 
Weanling Hereford heifer calves were wintered on a low, moderate or high 
plane of nutrition. During the second winter as bred yearlings one half 
of each of the low and high heifers were switched to the opposite treatment. 
During the third winter all females were fed the moderate plane of nutri­
tion. All animals were grazed together during the summers. 
A low level of feeding in which the animals were fed to make no gain 
the first winter delayed the onset of puberty and delayed conception and 
calving date as 2-year-olds. There appeared to be no permanent effect 
from a low level during the first winter as long as ample feed was pro­
vided thereafter. A low level of feed during the second winter as bred 
yoarlirngs when the animals were fed to lose 50 to 75 lb up to calving was 
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more critical because the heifer was still growing while the fetal calf 
was developing. She must be prepared to undergo the strain of calving 
and to produce milk during lactation. Low feed intake results in a 
lighter calf at weaning due to a reduced milk flow, and re-breeding for 
the second calf is delayed. The authors concluded that a moderate feed­
ing regime is probably the most beneficial in terms of growth and repro­
ductive performance. 
In related work, Totusek et al. (1961) studied 460 lb twin heifers 
through the first lactation to determine the influence of excessive fat­
ness, One twin was fed a ration complete in all nutrients with only 
enough energy to promote a gain of 0.5 to 0.67 lb per day. The second 
twin was fed a similar ration plus a full feed of corn. During lactation, 
all heifers were fed a ration designed to support maximum lactation. 
Large weight differences were apparent in the heifers at first mating and 
at first calving, 679 vs. 999 lb and 827 vs. 1334 lb for the low and high 
twins, respectively. Of the 11 sets of twins, six of the high level and 
only one of the low level required assistance at calving; but average 
birth weight of the high level calves was only 4 lb more. They noted a 
decreased survival rate of heifers and calves on the high level, but 
probably the most serious economic problem was the average daily milk 
production. During the 112-day lactation period, there was a measured 
daily milk flow of 9.2 and 6.8 lb, respectively, for the low and high 
plane heifers. A correlation between milk production and calf gain on a 
within twin basis of (0.75) was found. 
Ludwig et al. (1967) summarized several related Oklahoma Agricultural 
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Experiment Station studies on the cumulative influence of level of winter­
ing on the lifetime performance of beef females from 8 months of age 
through seven calf crops. Four treatment levels ranged from low,where 
the heifer calves were fed to make no gain the first winter with a loss 
of 207. of fall weight through calving during subsequent winters, to very 
high in which the females were self-fed a 507. concentrate mixture each 
winter. All treatments were pastured on ample grass during the grazing 
season. 
The low level appeared to be sub-optimum for rate of development 
during the first 4 years of a cow's life. Beyond this time, the low level 
cows produced comparable pounds of calf weaned with cows fed moderate and 
high levels. The number of cows remaining in the herd after seven calf 
crops would indicate that the high and very high cows exhibited lower 
survival rates. Average calving date was 3/14, 3/9, 3/2 and 3/15 (month/ 
day) for the low, moderate, high and very high treatments, respectively. 
Average birth weight of calves and percentage calf crop weaned did not 
vary widely. However, average birth weights for first calves produced 
by the low level cows were approximately 10 lb lighter than for the other 
treatments. They concluded that feeding beef females at a very high 
level reduces productivity, increases feed costs and damages milk pro­
ducing ability. A winter weight gain of approximately 100 lb as weaner 
calves and a subsequent winter weight loss of 10 to 157. of fall weight 
through calving as exhibited by the moderate-level fed cows was recom­
mended for optimum productivity and econony of wintering. 
Dletz (1972) has reviewed the literature on the influence of level 
of feeding beef cows on birth weight of their calves. He states that 
the belief that the overfeeding of pregnant cows causes large calves at 
birth is a fallacy. One would not expect much growth in the fetal calf 
by hypertrophy (increase in cell size) but rather most growth would be by 
hyperplasia (increase In cell numbers) if cattle grow and develop in a 
manner similar to humans and rats. Therefore, during the prenatal 
period, growth would be largely by hyperplasia at its genetically pre­
determined rate; and growth would not be greatly altered by the nutritional 
status of dams during gestation. 
He concludes by expressing the belief that feeding cows above main­
tenance does not cause heavier calves at birth but can cause greater 
calving difficulties. However, the reduction in birth weight by feeding 
cows below a maintenance level is small and does not influence the amount 
of calving difficulty. 
The Use of Non-Protein Nitrogen (NPN) 
Nutritionists and producers must always be searching for new ways 
to lower feed costs. The use of NPN as protein supplementation has become 
an important part of ruminant nutrition. Much research effort has been 
devoted to the use of urea and to the development of new and improved 
NPN products. 
Utilization of urea has been shown to be inferior to that of con­
ventional protein supplements. This is because of urea's rapid hydrolysis 
and that much Ainmanla Is absorbed from the rumen before it can be in­
corporated into microbial protein (Helmer and Bartley, 1971). Methods 
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suggested to Improve urea utilization are Improved animal adaptation 
schemes, inhibition of urease activity, the heating and coating of urea 
products, use of other NPN compounds, and the addition of sulfur, fat and 
carbohydrate to the diet. 
Oltjen (1969) reviewed research using NPN as the only nitrogen source 
for ruminants. It has been shown on NPN diets that heifers have re-
produced, bulls are fertile, and moderate milk production is possible 
with dairy cows. There is improved nitrogen retention with longer 
adaptation periods. Growth rate and feed efficiency on diets with NPN 
as the only protein source are about 65% as good as on a natural protein 
containing diet. Nitrogen retention of steers fed urea was 607. of that 
of steers fed a soy protein diet. Ruminai synthesis of B vitamins Is 
normal, but NPN fed ruminants have a decreased concentration of branched 
chain volatile fatty acids. Amino acid patterns of ruminai protein 
hydrolyzates from ruminants fed only NPN are similar to those from a 
normal protein containing diet. 
Virtanen (1966) fed dairy cows a ration of potato starch which is 
0.027. nitrogen, cellulose powder, sucrose, a salt mixture, plant oils, 
vitamins and urea. The animals were given an adaptation period of 4 to 
6 months, and high producing cows were fed as much as 650 g of urea per 
day. His results showed that synthesis of bacterial protein in the rumen 
of lactating cows can be increased through a feed adaptation period to 
support maintenance and a relatively high milk production. The compo­
sition of the milk was similar in protein content, water-soluble vitamins 
and flavor to milk from ûûwa oû 6 ûvroâl preforzsd protein diet. There 
was a higher fat content in the test milk which may have been due to 
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decreased total milk flow. The amount of urea fed had a positive in­
fluence on the protein content of test milk but not on the fat. 
A 112-day, 4 by 4 latin square trial with four Holstein steers was 
conducted by Freitag et al. (1968). A basal corn cob diet with soybean 
meal or urea as nitrogen sources at 7 or 117. protein was fed. Free 
plasma amino acid content, ruminai ammonia, ruminai volatile fatty acids 
and plasma urea nitrogen were all affected by substituting urea for soy­
bean meal. Reducing the crude protein from 11 to 77. in either diet or 
substituting urea for soybean meal caused a reduction in average daily 
gain. 
Ritchie et al. (1972), in a preliminary report on wintering pregnant 
heifers in drylot on two sources of supplemental nitrogen and two vari­
eties of sorghum silage, found that heifers wintered satisfactorily on 
all treatments. Sorghum silage supplemented with Pro-sil, a commercial 
product containing anhydrous ammonia, molasses and minerals, or with a 
soybean supplement gave average daily gain results of 1.04 and 1.06 lb, 
respectively. Dry matter per pound of gain was 15.63 and 16.52 lb, 
respectively. Feed cost figures favored the NFN supplemented heifers. 
The value of NPN supplements for beef cows being wintered on dry 
range grass was studied in Oklahoma (Rush ^  al., 1973). Cows were in­
dividually fed supplements of Kedlor, biuret or urea. Two supplements 
containing 15 or 307» natural protein served as negative and positive 
controls. Results showed no consistent pattern of winter weight change 
to indicate differences in NPN utilisation from the three oroducts. Calf 
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gain and weaning weight did not appear to be affected by the winter 
treatments. 
Utiey and McCormick (1973) conducted three separate trials comparing 
Kedlor 230 feed grade biuret, a stable NPN compound, with a cottonseed 
mixture for growing heifers, cows in late gestation, and cows in early 
lactation. In this region of Georgia,much of the cow's energy is furnished 
by Coastal bermudagrass and Pensacola bahlagrass. The amounts of energy 
and crude protein furnished were comparable between treatments within 
each trial. 
Treatment results were nearly equal. Average daily gain for the 70-
day wintering period was 1.65 and 1.57 lb for the cottonseed meal and 
Kedlor 230 fed open yearling heifers, respectively. Pregnant cows on the 
70-day wintering period gained 50 and 45 lb, respectively. There was no 
difference in average birth weight of the calves. A 2-year summary of 
cows in early lactation showed identical cow weight change for both 
treatments and comparable average dally gains for the nursing calves. It 
was concluded that animal performance on all treatments was very satis­
factory, and biuret can be used as a substitute for cottonseed meal. 
Beef Cow Milk Production 
A beef cow* s value is determined to a large extent by the amount of 
milk that she produces. A young calf can achieve its genetic growth 
potential only when its dam provides an optimum flow of milk. It is 
important to knov hcv zzch nilk production is what Influences 
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the amount of milk produced and how calf growth is affected by milk pro­
duction. 
The relationship between three pre-weaning nutritional management 
systems and the subsequent performance of Angus and Hereford females 
through three calf crops was studied at Oklahoma State (Holloway and 
Totusek; 1973). Two-hundred and six heifer calves were either weaned at 
140 days, 240 days or creep-fed followed by weaning at 240 days of age. 
Birth weight of first calves was heaviest from the creep-fed females, but 
these heifers weaned the lightest calves in each of the three calf crops. 
Milk yield tended to be lowest for these females and highest for the non-
creep fed heifers weaned at 240 days. Calving and weaning percentages 
tended to be lowest for the 140-day weaned animals. It was concluded 
that normal weaning is preferable to early weaning or creep feeding for 
replacement heifers that will calve at 2 years of age. 
Kropp et al. (1973) compared the productivity of 2-year-old Hereford, 
Hereford X Holstein and Holstein cows on tall-grass range and in drylot 
confinement. The cows within breeds were subjected to different levels 
of winter supplementation, Drylot cows received additional roughage and 
grain as necessary to approximate the weight change pattern of the range 
cows. Daily milk yields were 5.2, 8.3 and 11.0 kg per day for the 
Herefords, Crossbreds and HoIsteins, respectively. As the level of sup­
plement increased, post-partum interval and days to apparent conception 
tended to decrease. Milk composition was affected by both breed and 
level of winter supplement. They found that 2-year-old Crossbred cows 
produced more milk, weaned heavier calves and had comparable rebreeding 
performance on the same level of winter supplementation as Herefords, 
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but they required 14% more roughage in drylot, Holsteins were superior 
to other breeds in milk yield and calf weaning weight, but required 43% 
more roughage than the drylot Herefords. They had poor rebreeding per­
formance at the lower levels of winter supplementation. 
Shiner (1973) concluded that under conditions of sparse range,a 
low level of milk production may be desirable for good cow reproductive 
performance. There is evidence that a high level of milk production 
may not be desirable from a profit standpoint. Herefords fed a moder­
ate level of supplemental feed were the most profitable because the 
heavier milking cows consumed more feed. Only 50% of the Holsteins 
on the moderate level of supplementation rebred; however, the calves of 
all Holsteins averaged 137 lb more at weaning than did the calves from 
Herefords, 
Holloway et al, (1973) studied the performance of 3-year-old 
Hereford, Hereford X Hoistein and Holstein females as influenced by 
level of winter supplement under range conditions. With all three 
breeds, as the level of supplemental feeding was increased, the cows 
tended to exhibit estrus and to conceive sooner. There was a conversion 
ratio of approximately 10 lb of milk per 1 lb of gain. The calves of 
the Crossbred, straight-bred dairy cows and Hereford cows weighed 643, 
730 and 597 lb, respectively, at weaning; but the additional feed 
necessary for good rebreeding performance for the heavier milking cows 
reduced their profitability. It was concluded that under these range 
conditions the Hereford was most profitable. 
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In studying the factors affecting production of lactating, cows, 
Paquay et al. (1973) found that milk production depended most of all 
on stage of lactation and on the plane of energy being fed. The intake 
of dietary protein only influenced milk yield when it was considerably 
below requirement which resulted in a decrease in total daily milk 
production. There was no drop in protein content of the milk produced. 
When daily nitrogen intake was above the amount needed, the supplemental 
nitrogen ingested was not utilized by the animal but was lost in the 
urine, 
Wilson et al. (1969) found that with crossbred Angus-Hoistein cows 
fed during lactation at 115% or 85% of NRC recommendations, the calves 
from the cows on the higher plane of nutrition gained 30.1 kg more to 
weaning. A 12-hr average milk production of 4.7 kg was noted. A cor­
relation of 0.49 between total calf gain and 12-hr milk yield was observed. 
Johnson et al. (1966) found that the amount of milk produced was 
significantly correlated with forage dry matter intake. There was no 
significant difference in milk yield or forage intake due to the fre­
quency of feeding. The most important source of variation in forage 
dry matter intake was individual cow differences. Age, body weight 
changes, body condition or stage of gestation showed little relationship 
to forage dry matter intake. 
Gifford (1953) studied 77 milk and butterfat records obtained on 
Hereford cows while they were suckling their calves and found that age 
of the cow affected milk production. Cows between 2 and 3 years of age 
produced the least milk, and milk quantity increased until year six. 
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Stage of lactation also affected milk production. Maximum milk and 
butterfat production was attained the first month and declined steadily 
thereafter. Average daily milk productions for the first, third, fifth 
and seventh months were 8.52, 7.26, 5.25 and 4.80 lb, respectively. 
Quantity of milk produced and daily gain in calves was positively cor­
related during the first four months, but during the last four months 
correlations were not significant. A positive relationship was shown 
between the cows' average daily milk production and the calves'- wean­
ing weight. Gifford also noted that the amount of milk a heifer calf 
received during the first few months of lactation was highly correlated 
with growth of the heifer during the post-weaning period. 
Pope et al. (1963) summarized factors affecting the milk production 
of range beef cows by stating that the quantity of milk available for 
the calf is one of the most important factors affecting weaning weight. 
In any herd, some beef cows appear to be better mothers and milkers 
and consistently wean heavier calves. They concluded that there are 
wide individual differences in milk production among cows. Milk 
production was highly correlated with daily gains of calves and ac­
counted for 50 to 80% of the variation observed in calf gains to three 
months of age. Male calves and those with heavier birth weights had a 
dam with a corresponding increase in milk production. It was thought 
that this could be due to the more active nursing habits of the male 
or larger calf which could stimulate greater milk production. However, 
body size of the beef cow showed little relationship with milk yield. 
Correlations of spring body weight and average yearly milk production 
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resulted in a small negative association (r = -.22 to -.37). This 
indicated that the heavier cows at parturition produced slightly less 
milk during lactation. It was found that feed level prior to and 
during lactation had a marked influence on milk yields. Data on five 
to seven daily records on 4-year-old cows were obtained in 1961-62 
and showed that the tendency of cows to give more or less milk than 
others is consistent throughout lactation. 
Gregory et al, (1950) collected data in 1936 and from 1944 to 
1947 to study the factors influencing birth and weaning weights of 
beef calves. They found that the weight of the dam had a significant 
effect on birth weight of its offspring and that the heavier calves at 
birth tended to maintain this advantage to weaning. Cows that made 
the smallest gain during the nursing period tended to produce calves 
that made largest gains from birth to weaning. This was attributed 
to increased milk flow of these cows, 
Drewry et al, (1959) concurred that heavier calves at birth were 
able to maintain this weight advantage through six months of age. 
Correlation values between birth weight and calf weight for the first, 
third and sixth months were 0.30, 0.37 and 0.32, respectively. The 
calves suckling the heavier producing cows made larger total gains but 
required more milk per pound of live weight gain. 
When 135 calves were studied that were born during a 3-year period, 
it was found that differences in milk consumption were significant 
sources of variation within each of the nutritional treatments (Neville, 
1962), As the dam's nutrition was improved, additional milk was 
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required to produce a pound of calf gain at 4 or 8 months; and with in­
creased milk production there was a lower correlation between it and 
240-day weights. The relationship of milk yield to calf weight gain 
was greatest during the first 60-day period. Milk production for the 
8-month period ranged from 400 to 4200 lb for these Hereford cows. 
He also concurred with earlier reports that heavier calves at birth 
were heavier at 4 and 8 months of age; however, the gain to 8 months 
was not influenced by birth weight differences. Weight of dam ap­
proached significance in its effect on the 8-month weight. Steers 
and heifers were of similar weight at 4 months of age, but the steers 
became significantly heavier at 8 months. 
In a study of calves from 15 Angus, 15 Charolais and 15 Hereford 
cows during a 175-day nursing period. Melton _et al, (1967) reported 
average daily gain and average daily milk production were significantly 
correlated only at the first month. It was noted that 5.2 kg of milk 
were required to produce 1 kg of calf gain as an average for all three 
breeds. Average estimated milk yields were 664, 785 and 581 kg for 
Angus, Charolais and Herefords, respectively. Milk yields of cows 2, 3 
through 4, and 5 years of age and older were 553, 667 and 809 kg 
respectively. The differences in total milk yield and total solids 
due to age and breed were highly significant, but differences in percent 
butterfat and percent solids were not significant. Differences in total 
calf gains due to breed were highly significant with gains of 123, 160 
and 127 kg reported for the Angus, Charolais and Herefords, respectively. 
Heifer calves were outgained significantly by the buii calves. 
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Rutledge _et al. (1971) studied the milk yield of 279 lactations 
of Hereford cows and its influence on 205-day weight of the calves, 
They agreed with other researchers who have found that milk quantity 
rather than milk quality was more important in its influence on weaning 
weight. On a within-herd-sex=year-basis, approximately 607. of the vari­
ance in 205-day weight could be attributed to influence of dam's milk 
yield. They found that peak milk yield for cows was observed at 8,4 
years of age. As previously reported, heavier calves at birth maintained 
or slightly increased this advantage to weaning. 
Conclusion 
A survey of the literature shows that responses to pre-natal 
maternal feed restriction common to rats, swine and ruminants are de­
creased weight gain of the dam, decreased progeny birth weight, reduced 
milk flow of the dam, reduced pre-weaning gain, reduced feed efficiency 
and delayed rebreeding of the dam. It is likely that there is validity 
to the concept of fetal parasitism as the fetus and placenta do seem 
to have first preference for nutrients when there is severe restriction. 
Scientists are not in agreement to what extent or how this parasitism 
operates. Most trials on swine, sheep and cattle have not employed as 
severe a restriction or as detailed a study of the results as have 
rat studies for obvious reasons. It can be concluded that maternal 
nutritional deficiencies can have far reaching effects. Responses may 
not be apparent at birth, and some may not be seen until adulthood or 
until the next generation. Research results have yet to clearly elucidate 
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the basic cause and mechanisms of retarded growth or impaired learning 
behavior. 
Energy and protein are both important nutritional components; 
but due to the nature of digestion and metabolism, it is difficult to 
separate the effects of each class of nutrients. 
Source of nitrogen supplementation is important. The ruminant 
is unique because it can utilize NPN sources in addition to preformed 
plant proteins. Preformed protein may give better performance, but 
new and improved economical sources of NPN along with a better under­
standing of how it functions in the ruminant give promise for its con­
tinued use. 
In the final analysis, the study of maternal nutrition for domestic 
animals becomes an economic question and the optimum plane of nutrition 
must be defined and administered. 
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EXPERIMENTAL PROCEDURES 
This research was conducted at the Iowa State University Beef 
Nutrition Farm, Ames, Iowa. Experimental animals were 3 to 5-year old 
cows from the farm's commercial herd. Each year 12 crossbred Angus-
Hols tein (AF) and 12 Angus-Hereford (AH) cows were assigned to the ex­
periment. Both breed groups were represented equally in each of four 
treatments. The treatments were designated; 1) low protein (LP), 
2) adequate protein (AP), 3) high urea (HU), and 4) high preformed 
protein (HP). 
Cows were confined to four concrete lots with available shelter 
and automatic waterers. The shelters were bedded with whole corn cobs. 
Block salt was available at all times. When the cows were allotted to 
the four pens, both breeds were equally represented in each pen, and 
there was at least one cow from each treatment in every pen. All cows 
were fed the AP ration for a 1 to 2 week adaptation period before the 
trials officially started. Each cow was trained to go into an assigned 
stall for individual feeding. Feed which accumulated in a cow's bunk 
was weighed back periodically, sampled and discarded. During this pre­
trial period, most of the cows learned to go into their assigned stalls 
quite easily. 
On the average a week's supply of each ration was prepared at 
a time and stored on the barn floor. The husklage or straw was chopped 
into a mixing wagon. The remaining ingredients were pieiulXcu before 
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being added to the chopped roughage for mixing. Rations were weighed 
up once daily in individual baskets. Approximately one-half of the 
daily allowance was fed around 9 am and one-half at 3 pm. Cows were 
confined to their feeding stalls approximately 1 hr at each feeding. 
Gates were used to confine the cows to their stalls during feeding and 
to keep the cows and calves out of the stalls between feedings. 
Each cow's daily ration was determined using a mathematical formula 
proposed by Klosterman et al. (1968). The equation used to adjust 
maintenance requirements (DEg^) to the condition of the cow was: 
Kcal DEm = - (W/H-4.0)1,716 
A body weight (kg) to withers height (cm) ratio (W/H) was used to com­
pensate for differences in condition. Klosterman measured cows at 
the hooks while in this study measurements were taken at the withers. 
Determinations for quantity of ration to be fed were made by converting 
to a total digestible nutrients (TDN) basis. The assumption was made 
that 2000 Kcal DEm is equal to one pound of TDN. The amount of each 
cow's ration was determined using pretrial measurements, and after 
calving the lactation ration amounts were adjusted using new measure­
ments. Cows were switched to a lactating ration shortly after calving. 
Additional feed was allotted to each cow during gestation to support 
desired weight gain and fetal growth. During lactation the amount of 
feed was doubled to provide for milk production. 
Initial and final trial weights were an average of two daily 
weighings. All cows were scaleu ëvery 14 dayc except durl"» the 
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parturition season when weekly weights were taken. 
When possible, each cow was placed in an individual box stall in 
an adjoining bam for calving. Usually the cow and calf were returned 
to the regular pen 12 to 24 hr later. Frequent observations of the 
pregnant cows were made during the day by the farm help; and students 
or the author checked the cows daily at 8 pm, midnight and 6 am. Cows 
were weighed as soon after calving as possible, usually within 12 hr. 
An attempt was made to weigh the newborn calf before nursing commenced 
which was usually accomplished. 
A blood sample was taken from each cow at the start of the trial, 
shortly before calving and again at mid-lactation. A blood sample was 
drawn from each calf as quickly after birth as possible and usually 
before the first nursing. Another sample was taken in early summer just 
before creep feeding was initiated. A 40 ml sample was taken each time 
via jugular puncture by using a 16 gauge needle with gravity flow into 
a heparinized tube. Samples were rolled slowly in the tubes to prevent 
clotting and then packed in ice, Centrifugation for approximately 15 
min at 8,000 X g followed. The plasma was then poured off, bottled and 
frozen for later analysis. Plasma analyses run in the laboratory were 
total plasma protein on the Technicon Auto Analyzer using Methodology 
N-14b and plasma urea nitrogen using Methodology N-lb. Analyses were 
made within a span of 2 weeks; however, samples had been frozen from 
6 to 24 months. 
48 
Creep feed was provided for all calves starting July 4, 1972 
and July 23, 1973. Composition of the creep ration is shown in Table 1. 
Table 1. Composition of creep ration 
Ingredient Percent 
Yellow corn, cracked 45 
Oats, whole 40 
Dehydrated alfalfa pellets 5 
Molasses, liquid 5 
Premix* 5 
^Premix contained: 56% soybean meal, 107. dehydrated alfalfa 
pellets, 107. molasses, 10% dicalcium phosphate, 8% limestone, 27. trace 
mineral salt, 27* vitamin A premix (2,280,000 lU/lb), 2% trace mineral 
premix. 
Milk production of the cows was measured using the calf nursing 
technique idien the calves were an average age of 4, 8 and 12 weeks 
in 1972 and 6, 10 and 14 weeks in 1973. Weighing dates were adjusted 
so that all calves were within 1 week of the designated age. The 
calf nursing technique has been used by others including; Totusek 
and Arnett (1965); Ewlng et al. (1968); Dawson et al. (1960) and 
Rutledge et al. (1972). 
Calves were removed from their dams at 5 pm. At 7 am ^ the calves 
were weighed, allowed to nurse and weighed again. The procedure was 
repeated again at 5 pm. The sum of the morning plus evening calt weight 
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gains after nursing was used as the cow's 24-hr milk production. The 
average of the three monthly weighings was used as the daily milk 
production in calculating pounds of milk per pound of calf gain. Ac­
cording to Neville (1962), only two or three milk samplings during the 
nursing period are needed to determine relationship of milk consumption 
to calf gains. McDaniel (1969) states that at least 907. of milk 
yields estimated from a single day's yield once a month are within "^5% 
of the true production. 
Compositions of the 1972 and 1973 gestation and lactation rations 
are shown in Tables 2 and 3, It was attempted to have the rations be­
tween treatments identical in all respects except for protein source 
and amount. Ingredients were usually represented in all treatments, 
and energy, vitamin and mineral content was similar. It was necessary 
to use cornstarch in the LP ration to provide enough energy and still 
restrict protein to the desired level. Natural cornstarch from Clinton 
Corn Processing Co. of Clinton, Iowa, was used. Ensiled husklage 
(47. total protein, 537. TDN and 757. dry matter) was used in 1972 until 
the supply was depleted at mid-lactation. Baled oat straw was used 
for the remaining time and throughout the 1973 trial. These forages 
were chopped with a Fox Forage Chopper equipped with a traveling feed 
table and a 1 inch recutter screen. Urea was omitted from both the AP 
and HP lactation rations in 1973 because it appeared that the cows would 
receive no benefit from the nitrogen the urea provided. 
During the 1972 trial it was difficult to maintain the desired 
consumption level among the LP and HU fed cows. The LP cows were 
Table 2. 1972 Gestation and lactation rations* 
Gestation Lactation 
Ingredients LPD Apb HUb HP AP HU HP 
Husklage, lb 10.0 10.0 10,0 10,0 (8.0)® (8,0)0 (8,0)G (8.0)C 
Oat straw, lb — — — — -- - - 6.0 7,0 7,0 7.0 
Mol&sses, lb 3.5 4.0 4,0 3,0 3.5 3,0 3,0 3.0 
Corncobs, ground, lb 4.0 4,0 4.0 4,0 2,0 2,0 2,0 2.0 
Soytean meal, lb 
— h 0.4 0.4 1.5 1.0 1.2 1.2 1.3 
Corii, cracked, lb (l.O)b (1.0)b — — 7,0 6.0 6,0 5.0 
Cornstarch, lb 2,3 1,5 1.5 0,6 1.0 1.0 1.0 1,0 
Herring meal, lb — — — — — — 0,75 - - - - — — 0,75 
Urefi, lb — — 0.12 0,45 0.12 — — 0.18 0.33 0,18 
Dicfilcium phosphate, lb 0,21 0.21 0,21 0.21 0,39 0,39 0.39 0,39 
Salt., lb 0,10 0.10 0.10 0,10 0,05 0.05 0.05 0,05 
Viteimin A premix, lU 20,000 20,000 20,000 20,000 ' 30,000 30,000 30,000 30,000 
Trace mineral premix, g^ 1.85 1.85 1,85 1.85 3,00 3,00 3.00 3,00 
Vitfimin E premix, lU 25 25 25 25 25 25 25 25 
Total protein, % D.M. b.#ais 3.1 6,4 11,8 11,9 7,9 10,9 13.1 13,2 
TDN, % D.M. basis 62.4 61.6 60,3 60,3 72,8 70,0 69.4 69,0 
Total feed, lb 20.11 20,33 20,66 20.28 20,94 20,82 20.97 20,67 
*Daily ration calculated for 1000 Ib cow, 
b 
Com added approximately one month before calving. 
c 
Husklage was fed until the supply was exhausted on May 27. 
^Trace mineral premlx referred to here and throughout this report is Trace Mineral Premix for 
Ruminants made by Calcium Carbonate Co., Quincy, 111, Analysis: Manganese, minimum, 4.40%; Iron, 
minimum 6.60%; Copper, minimum 1.32%; Cobalt, minimum, .23%; Iodine, minimum .30%; Zinc, minimum 
12.00%; Magnesium, minimum 20.00%; Calcium, maximum 5.00%, minimum 4,00%. 
Table 3. 1973 Gestation and lactation rations® 
» 
Ingrfidients 
Gestation Lactation 
LP AP HU HP LP AP HU HPP 
Oat .straw, lb. 7.0 7.0 7.0 7.0 6.0 6.0 6.0 6.0 
Molasses, lb. 3.0 3.0 3.0 3.0 2.0 2.0 2.0 2.0 
Corncobs, ground, lb. 3.5 3.5 3.5 3.5 2.5 2.5 2.5 2.5 
Soybean meal, lb. 0.1 0.3 0.3 1.3 0.5 2.0 - 2.75 
Corn, lb. 1.0 1.5 1.5 0.5 7.0 7.0 8.5 6.0 
Dehy, alfalfa pellets, lb. 0.15 0.3 0.3 1.0 0.5 0.5 0.5 1.0 
Dried beet pulp, lb. 1.0 1.0 1.0 0.5 1.0 1.0 1.0 0.5 
Cornstarch, lb. 1.0 - - - 1.0 - - -
Urea, lb. - 0.08 0.26 0.12 - - 0.14 -
Dicalcium phosphate, lb. 0.21 0.21 0.21 0.21 0.28 0.28 0.28 0.28 
Salt, lb. 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
Vitamin A premix, lU 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 
Vitamin E premix, lU 25 25 25 25 25 25 25 25 
Trace mineral premix, g 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 
Total protein,% D.M. basis 4.7 7.3 10.5 10.6 7.4 10.7 10.7 12.3 
TDN,7, D.M. basis 62.4 61.1 60.3 60.2 70.2 70.1 70.1 69.4 
Total feed, lb. 17.06 16.99 17.17 17.23 20.90 21.40 21.40 21.15 
*Daily ration calculated for 1000 lb cow. 
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approximately on an a^ libitum feed, and the cows on other treatments were 
kept at similar levels of consumption. As a result all cows appeared to 
be limited on energy due to depressed appetites of the LP cows. To over­
come this problem, the percentage of total protein of the diet for the 
LP cows was raised from 3.1% in 1972 to 5.7% in 1973 for gestation. 
To further improve palatability, beet pulp and dehydrated alfalfa pellets 
were added to all rations In 1973, and the amount of cornstarch fed was 
decreased. Whenever there was excessive refused feed, the amount offered 
subsequently was reduced. 
Feed samples were collected periodically so that the composition 
of each ration could be checked for dry matter and total protein content. 
The samples were oven dried for 48 hr at 65 C to determine dry matter 
content. Samples were then finely ground in a Wiley mill through a 2 mm 
screen and stored for future analysis. The modified macro-Kjeldahl 
laboratory technique was used in making crude protein analyses. Samples 
of refused feed were also collected, dried and analyzed for protein 
content. 
Such behavioral conduct of the cows as eating of feces and urine and 
the chewing of pen fences was observed and noted. Cows were also watched 
for health problems, and the services of the University's Veterinary 
Clinic were used for medical problems encountered. 
Disproportionate subclass numbers necessitated the use of least-
squares analysis of variance procedures (Snedecor and Cochran, 1967). 
The mathematical model used included the main effects of year, breed 
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of dam and dam's ration and their first order Interactions. When ap­
propriate, the effects of sex of calf and of various time intervals were 
added to the model. For analysis of ovarian activity traits, coefficients 
of linear, quadratic and cubic time were obtained. Comparisons among 
ration treatments were made using Tukey*s w-procedure. This Is known 
as the honestly significant difference (hsd) procedure (Steel and Torrie, 
1960). The equation is w = qa(P, 1^2^% where w is used to judge the 
significance of each observed difference. The qa value is obtained from 
an index table, P equals the number of treatments, n is the number of 
degrees of freedom and Is the standard error of the mean, 
1972 Experiment 
On December 9, 1971 24 cows were confined to the treatment pens, 
and 14 days later they were allotted to an individual feeding stall within 
a particular pen. The trial officially commenced January 22, 1972. Par­
turition occurred from April 2 to May 23, 1972 with a median calving date 
of April 15, 
The cows were to be rebred using artificial insemination (AI). A 
student with some AI training was to be the technician. To assist in 
estrus detection, KaMaR HEAT-mount DETECTOR pads manufactured by KaMaR 
Inc. of Steamboat Springs, Colorado were secured from Carnation Breeding 
Service of Watertown, Wisconsin and placed on the cows. At the conclusion 
of the trial, the cows were group-fed and allowed to run with a bull for 
1 month. Seventeen cows were removed from the individual feeding trial 
on August 6 and the remainder were removed August 17. 
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On June 30, 1972 pictures of cows on the different treatments along 
with their calves were taken to visually record treatment effects on cow 
condition. 
Twenty-three calves were weaned on September 7, and 22 of these 
calves were continued on a postweanlng trial. The 14 bull calves were 
castrated October 24, and 10 calves were dehorned on November 22, The 
calves were fed approximately what they would consume of the rations 
described in Table 4. From April 4, 1973 to May 1, the calves' nitrogen 
source was gradually switched from soybean meal to urea. The postweanlng 
feeding trial was terminated June 4, 1973. 
Table 4. Composition of post-weaning calf rations, 1972-1973 
Average weight of calves« lb 
Ingredients, 7. 350-425 425-600 600-700 700-850 
Cracked yellow com 58.2 57.7 70.5 79.3 
Ground com cobs 15.0 15.0 11.7 11.7 
Dehydrated alfalfa pellets 15.0 15.0 6.6 3.2 
Cane molasses 4.2 4.2 4.2 4.2 
Soybean meal (48.7% C.P.) 4.25 7.15 6.05 — -
Herring meal 2.4 -- - - — — 
Dlcalclum phosphate .1 .1 .1 .1 
Ground limestone .4 .4 .4 .4 
Salt .3 .3 .3 .3 
Trace mineral premix .02 .02 .02 .02 
Vitamin A premix .13 .13 .13 .13 
Urea (282% C.P. equivalent) — — - — -- .65 
Total 100.0 100.0 100.0 100.0 
Total protein, % D.M. basis 12.7 12.4 11.7 11.3 
TDN, % D.M. basis 78.1 78.3 82.4 83.1 
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1973 Experiment 
Twenty-four cows were selected from a herd of 51 pregnant cows. 
From December 21 to January 4 the group grazed cornstalks. Next they 
were confined to their trial p^ns and assigned to an individual feeding 
stall. Beginning January 13, 1973 six cows were fed on each of the four 
treatments. The amount fed to each cow was 1.3 times the calculated 
maintenance requirement. 
Changes in condition were appraised visually by five évaluators. 
Cows were appraised at the beginning, just prior to calving, and again 
during July. Cows were ranked on a scale from 1 to 10 with 1 indicating 
a very thin cow and 10 an extremely fat cow. 
The cows calved from April 14 to May 18 with a median calving date 
of April 29, Scourvax-Reo, a modified live virus vaccine from Norden 
Laboratory, was administered orally to each calf within 24 hr after birth. 
The trial was terminated when the calves were +4 days of 130 days of age. 
Termination dates were from August 28 to September 22. The calves were 
weaned on Nov, 2, 1973 and were continued on a growing ration along with 
calves from the rest of the herd. Periodic weights were recorded until 
early March, 1974, 
A 47-day breeding season from July 19 to September 3 was followed. 
Breeding was accomplished by walking a Charolais bull through each pen 
twice daily. He was allowed to remain in each pen approximately 20 to 
30 minutes. Exposure times usually commenced at 6:30 am and 6:30 pm, 
Thp visitation route was alternated so that the bull did not commence 
each time in the same pen. 
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Â detailed study was made to follow each cow's post-partum ovarian 
function. Rectal palpations were made by a graduate student trained in 
reproductive physiology with the author assisting. Each cow was first 
palpated between 3 and 4 weeks post-partum, and weekly examinations were 
made until there was a total of 16 observations. Palpations were con­
ducted while the cows were eating in their individual stalls. Most 
cows were disturbed very little during the examination, and many con­
tinued to eat. It was felt that this was a more efficient method than 
restraining the cows in a chute each time. A well lubricated veterinary 
glove and sleeve were used. Another person was used to record the data 
which helped to expedite the procedure. 
Observations of the condition of the uterus were made such as 
whether it was flaccid or turgid. Any vaginal discharges were noted. 
The right and left ovaries were grasped each time and the following 
dimensions were estimated in millimeters: width, depth and length. An 
ovarian index was calculated by multiplying the three dimensions together. 
The presence, dimensions and location of any ovarian structures, namely 
follicles and corpora lutea, were recorded. Format used in recording 
the ovarian Information was patterned after Zemjanis (1962). From 
ovarian examination information, the date of the first post-partum estrus 
was estimated and recorded. Cows which were believed to be pregnant as 
indicated by the presence of a persistent corpus luteum were identified 
as were the breeding dates. This information was verified 2 months later 
uith A pregnancy examination by a veterinarian. 
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RESULTS AND DISCUSSION 
Data reported are a 2-year summary of results of the experiments 
described in the Procedure section unless otherwise indicated. In 
1973 all 24 cows delivered a live calf and all cows and calves com­
pleted the trial. In 1972, a HU-fed cow delivered a dead 49 lb 
calf that appeared to be nearly full term. This cow was then removed 
from the trial. Another HU cow gave birth to an apparently normal 
calf. However, at 6 days of age it became ill and died shortly after. 
A calf was secured from the Iowa State University Dairy Farm for the 
cow to foster. Since this calf was of different breeding, it was not 
retained for the post-cow-trial feeding experiment; but it was used 
during the lactation period to obtain cow milk production values. 
Scours appeared particularly to be a problem when rearing calves in 
confinement in 1972 and it was necessary to continually observe for 
scours and to treat affected calves promptly. 
Factors Affecting Cow Feed Intake 
All cows were initially offered amounts of feed according to 
their calculated requirements (Klosterman et al,, 1968), Daily ration 
amount was later reduced only when there was excessive refusal. If 
ration amounts were increased, they were raised equally across all 
treatments. The LP and HU cows in 1972 were essentially fed ad libitum, 
but it was observed that the HP and AP cows could easily have consumed 
~crc. Bec^'jse of feed refumal. frequent weighback was necessary in 
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1972, but weighback in 1973 was negligible. 
During the 82-day pre-partum period, there was an approximate 
weighback of 15.6, 5,7, 14,6 and 1,4% of the total feed offered to the 
LP, AP, HU and HP cows, respectively (Appendix Table Al), During 
the lactation period when the cows were offered rations of higher 
protein content, only 4,3, 1,1, 1.3 and 1,27. of the feed offered was 
weighed back, respectively (Appendix Table A3), 
Although changing of the roughage source from husklage to oat 
straw may have caused changes in voluntary intake, this should not 
have been a large factor as all treatments were fed the same roughage 
at any one time, Husklage material is the tailings from com grain 
harvest that is discharged from the rear of a combine. Other factors 
affecting intake were coprophagous behavior which may have increased 
actual protein intake of some animals and contributed to animal 
variation within treatments. Especially during 1972, certain cows ap­
peared to have a craving for something as they were observed consuming 
feces and urine from the concrete pen surface. This behavior and the 
chewing of the board fences was most noticeable among the LP cows but 
were not limited to them. In at least two instances when a cow re­
fused to eat, appetite loss was diagnosed as being associated with 
a cessation of rumen activity. Response to treatment which included 
the feeding of a higher protein diet for 2 or 3 days was good. 
The pre-partum total protein and TDN consumption of the AP-fed 
cows was close to NRC recommendations while HP-fed cows consumed feed 
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in excess of the required amounts (Appendix Tables Al to A4). Because 
of feed refusal, the LP and HU-fed cows were below the recommended 
amounts of energy during the 1972 pre-partum period. It was thought 
that energy intake may have been a major factor causing differences 
in cow weight gain and milk production. However, in 1973, intake 
between all four treatments was similar with average daily TDN in­
take exceeding the NRC recommendations during both the pre- and post­
partum periods. Since response patterns were similar to those found 
in 1972, it can be concluded that protein intake and quality must have 
been a major factor eliciting these responses. 
It is known that limiting protein depresses appetite of the 
animal (Elliott, 1967; Marsh et al., 1971), During the precalving 
period of the 1972 trial, difficulty was experienced in keeping feed 
intake of the LP cows up to the prescribed level. Wiltbank et al. 
(1965) studied prepuberal and puberal heifers for 391 days at Belts-
ville, Maryland. They found that the average daily feed consumption 
of heifers fed a high energy-high protein diet was 16.1 lb vs. 9.2 lb 
for those fed a high energy-low protein diet. Johnson e_t al. (1966) 
found a significant correlation between forage dry matter intake and 
milk yield in dairy cows. Elliott and Topps (1964) found that the di­
gestibility of LP diets in sheep was significantly lower than that of 
HP diets, and they believe that efficiency of nitrogen utilization is 
connected with a high content of available energy in the diet. Animals 
fert A low energy diet probably have a high protein requirement. 
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Some ration ingredients influence palatablllty and digestibility, and 
hence Intake. It is difficult to design low protein rations for experi­
mental purposes that include the necessary quantity and quality of energy 
and not depress the intake. In our trials, it was necessary to use corn­
starch to supply sufficient energy to the LP diets. Burroughs ^  al. 
(1949) found that the addition of cornstarch to com cobs, which are a 
very low protein roughage, decreased the roughage digestibility. Cane 
molasses was used to increase palatablllty and to bind the ration ingredi­
ents. Hatch and Beeson (1972) reported that molasses at 57. had no effect 
on nitrogen and energy utilization in urea rations for steers. At 10 and 
15%, molasses added at the expense of com, increased nitrogen retention 
significantly (P <.05) and apparent digestibility of dry matter and 
energy. There is good evidence that quality is as important as quantity. 
Oh et al. (1971) found that sheep had a voluntary dry matter Intake 
according to the quality of the roughage. They consumed 1991, 339, 
1357 and 1066 g daily of alfalfa pellets, barley straw, cornstalks 
and rice straw, respectively. 
Another factor which affects interpretation of cow intake data 
is individual cow variation. The techniques used to measure height 
and weight of the animals attempt to account for these differences. 
There are inherent variations in cow metabolic efficiency; and if 
errors are made in measurement, the response differences would be 
biased. 
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Cow Weight and Condition Changes 
Table 5 presents the influence of breed of dam, year and ration 
on cow weight changes. While the AH cows tended to lose more weight 
during Period 1, the AF cows lost more weight during the lactation 
period and over the entire trial. None of the breed weight response 
differences were significant (P^.05), Over the entire trial, cows 
in 1973 lost more weight than in 1972 (P^,05), A partial explanation 
for the year effect is that both Periods 1 and 2 were of longer dura­
tion in 1973, Ration effects were significantly different (P^.Ol). 
The LP cow weight losses in Period 1 were -121 lb compared to -62, -71 
and -8 for the AP, HU and HP-fed cows, respectively. Weight loss of 
AP and HU cows was also more (P<.01) than for the HP animals. During 
lactation (Period 2), weight loss trends were similar, but there were 
no significant differences found between treatments. When the entire 
trial was analyzed, similar differences were noted. The LP cows lost 
significantly (PZ.,01) more weight (-170 vs. -86 and -32) than the AP 
and HP treatments. Between the other treatments, the HU cows lost 
more weight (P4.,05) than the HP cows (-99 vs, -32), In all comparisons, 
the LP cows suffered the most severe weight losses. 
The effect of rations on cow condition was significant (P<.05) in 
the pre-partum period between the LP and HU treatments (Table 6). Cows 
at the start of the trial were in average condition at a score of 5.8. 
Changes in condition were -,69, -.55, 0,05, and -,25 for the LP, AP, 
HU and HP cows, respectively. As in weight change, the LP cows also 
Table 5, Least squares means for the influence of ration, breed of dam and year on cow performance 
Trait 
Initial cow Weight changes, lb Withers height, in 
wt. lb Period ll Period 2^ Trial total Av. of 3 measurements 
Mean 930 -66*5.1 -31+7,9 -97-8.6 47.56-0.2 
Ration: 
LP 
AP 
HU 
HP 
927 
959 
919 
917 
-I2ltl0.0 
-62tlO.Od 
-71±10.5d 
-atlo.o 
-50±15,5 
-20tl5,6 
-29±16,4 
-25±15.5 
-170tl6.9e 
-86tl6.9*bd 
-99tl7.8bde 
-32tl6.9*d 
47.22*0.4 
48.02*0.4 
47.27±0.4 
47.75*0.4 
Breed: 
AH 
AF 
931 
929 
-70t7.3 
-6lt7.1 
-25tll.3 
-38tll.O 
-93±12.3 
-lOOtll.9 
46.59*0.3** 
48.54*0.3** 
Year 
1972 
1973 
870 
990 
-53t8.4 
'78±8,2 
-16tl2.3 
-46tl2.0 
-75tl2.3* 
-118tll.9* 
47.08*0.3* 
48.05*0.3* 
^Trial beginning to post-calving, 
2post calving to trial termination. 
sb^Means superscripted with same letters are not significantly different P< ,05, 
(^^Means superscripted with same letters are not significantly different P< ,01, 
*P< .05, used throughout to designate significance at these levels, 
**P< ,01, used throughout to designate significance at these levels. 
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Table b. Least squares means for the influence of ration and breed of 
dam on visually appraised cow condition in 1973 
Cow condition change^ 
Initial 
condition 
score Period 1 ^  
3 
Period 2 Trial total 
Mean ration 5,8 -0,3b+0.1 -1,39+0,2 -1,75^0,2 
LP 5,6 -0,69+0,2^ -1,92+0,4 -2,67+0,4 
AP 6,0 -0,55+0,2*1) -0,97+0,4 -1,50+0,4 
HU 5,5 0,05+0,2* -l,90t0.4 -1,83+0,4 
HP 6,0 -0,25+0,2*^ -0,77+0,4 -1,00+0,4 
Breed 
AH 6,1 0,02+0,1** -1,55+0,3 -1.52+0,3 
AF 5,4 -0,73+0,1** -1,23+0,3 -1.98+0,3 
^Cows ranked on a range from 1 to 10; 1 = very thin cow; 10 = 
very fat cow, 
^Beginning of trial to just prior to calving, 
3prior to calving to mid-lactation. 
Means superscripted with same letter are not significantly 
different (P< 0,05), 
Plate 1, Over the entire trial, the LP-fed cows (left) lost more weight (?<".01) 
than the HP-fed cows (right) (-170.4 vs.-32,4) 
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showed the most severe loss of condition. During the post-partum 
lactation period, the loss of condition for all treatments was greater, 
but the differences between treatments were not significant. Losses 
of -1.92; -.97, -1.90 and -.77 were recorded for the LP, AP, HU and 
HP cows, respectively. With the nutritional demands of lactation, 
more condition loss would be expected. During this period the LP and 
HU cows were nearly identical in condition loss (-1.92 and -1.90). 
Over the entire trial, condition losses of -2.67, -1.50, -1.83 
and -1.00 were recorded for the LP, AP, HU and HP cows, respectively. 
As would be expected, the cows on the higher protein diets were better 
able to maintain their condition. In a comparison of condition by 
breed, changes for the total trial were -1.52 and -1.98 for the AH 
and AF cows, respectively. 
Most maintenance requirements have been calculated using weight 
as the main criteria. Rebhan and Donker (1960) concluded that mainte­
nance requirements for energy per unit of weight increase as condition 
of the animal increases. If this is true, then thin cows should be 
maintained on less feed. Cow structural size does vary, and so a condi­
tion score gives another parameter for measuring cow response. Accord­
ing to Table 5, the AF cows were on the average nearly 2 inches taller 
at the withers than were the AH. This difference was significant 
(P<>.01) which lends support to the claim that other criteria should 
be used in addition to liveweight when equalizing cows for experimental 
work. 
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Calf Birth Weight 
Average calf birth weight was not significantly influenced by 
pre-partum ration or breed of dam (Table 7). Male calves were 8,3 lb 
heavier at birth than were heifer calves (F< .05). Bond and Wiltbank 
(1970) showed that average calf birth weight of males was heavier 
(P< .05) than for female calves. A wide range of birth weights was 
observed among all treatments. Average birth weights of calves from 
cows on LP, AP, HU and HP diets were 75.3, 70.8, 77.2 and 75.6 lb, re­
spectively (Figure 1). Cows on the lowest plane of nutrition (LP) and 
those on the most optimum level of nutrition (HP) gave birth to calves 
that had nearly identical average birth wsights. Many researchers have 
shown that it is difficult to affect calf birth weight by altering the 
dam's pre-partum nutrition (Clanton and Zimmerman, 1966; Clanton and 
Jones, 1970; Furr and Nelson, 1964; Pinney et al., 1962; Rust et al., 
1970; and Williams et al., 1968). 
However, other researchers have shown contrasting results. 
Wallace and Raleigh (1964) found calf birth weights to be significantly 
lower (P<.01) from cows fed a high energy-low protein diet. In research 
where energy was the main variable Langford et al. (1958) fed cows 
low energy over a 6-year period and found that they produced calves 
that averaged 4 lb lighter at birth. Only in 2 out of 6 years were 
the differences enough to be statistically significant. Hight (1966) 
found calf birth weights to average 12 lb heavier for cows fed to gain 
0.75 lb Der dav ore-calvine vs. those fed to lose 1.45 lb. 
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Table 7, Least squares means for the Influence of dam's ration, breed 
of dam, year and sex of calf on calf performance traits 
Trait 
Calf birth 
weight, lb 
Calf weight at 
term, of cow 
trial, lb 1 
Calf weight 
at weaning, 
lb? 
Mean 74.7tl.8 234^4.1 31bt4,5 
Ration 
LP 75.3+3.9 22lt8.7* 308+9,5*b 
AP 70.8+3.8 235^8.2*b 312+9,0*b 
HU 77.2+3.9 225+9.3*b 302+10.2* 
HP 75.6+3.5 256+7.9b 341+8.7b 
Breed 
AH 75.6+2.6 221+5.8** 298+6.3** 
AF 73.9+2.6 247+6.1** 334+6.6** 
Year 
1972 71.2+3.0 230+7.0 306+7,7 
1973 78.3+3.0 239+6.3 326+6,9 
Sex 
Male 78.9+2.2* 243+5,0 327+5,5* 
Female 70.6+3.1* 226+7.0 304+7,7* 
^Weaning dates; 9-6-72 and 11-2-73; Avg. calf age at weaning = 
163 days; avg. calf age at weaning 1972 = 141 days; for 1973 = 186 days. 
2 
Trial termination dates: 8-8-72 and 9-1-73, avg, calf age at 
hoTtîflnnU nn = lift Have, 
Means superscripted with same letter are not significantly 
different (p<,0.05). 
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Figure 1. Two-year summary of average calf birth weights as influenced 
by main effects of ration (LU, AP, HU and HP), breed of dam 
(AH and AF), year and sex of calf 
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Average birth weights in 1972 and 1973 were 71,2 and 78,3 lb, 
respectively. According to work by Christian e£ al. (1965), older 
cows tend to have larger calves which could partially explain the 
heavier 1973 birth weights. 
Cow Milk Production and Calf Weight Gains 
Calf weight gain is influenced by genetics, milk production of 
the dam, amount of creep ration eaten, the environment and time. These 
effects are difficult to separate. One environmental factor affecting 
calf weight gain and the measurement of cow milk production is robbing 
which is hard to control in close confinement. With six cows and six 
calves per pen, some robbing was observed. The calf gain results re­
ported here may have been biased somewhat due to robbing. Table 7 
shows calf weight at the termination of the cow trial and at weaning. 
Calves from the LP, AP, HU and HP-fed cows weighed 221, 235, 225 
and 256 lb at the termination of the cow trial; differences between 
LP and HP calves were significant (P<,05), Respective calf weights 
at weaning were 308, 312, 302 and 341 lb with a significant difference 
(P<,05) between HU and HP calves. At both termination of the cow 
trial and weaning, the calves from the AF cows were heavier (PZ..01) than 
those of the AH cows (247 vs. 221 lb and 334 vs. 298 lb). At weaning, 
the bull calves were also heavier (P^,05) than the heifer calves. Creep 
feed was offered before the milk measurement periods were concluded in 
both ycsrs and ~.ny have affected the results of cow milk nroHnction on 
calf gain. All calves did have equal access to creep feed. 
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Figure 2 illustrates calf gain from birth to termination of cow 
trial as influenced by the ration and breed of dam. The influence of 
the higher protein diet is shown here and in Table 8 and illustrates 
that the gain of calves to termination of the cow trial from HP-fed 
dams was higher (P^,05) than from the LP cows. Ration treatment dif­
ferences at weaning were non-significant; however, breed effects for 
both periods were highly significant (P^.Ol), 
Table 9 presents the average daily milk production over the three 
milk measuring periods. Average calf gain per period is also shown. 
Calf gain was highly different (P<,01) between the LP and HP calves 
(33,0 vs. 44,8 lb). Similarly, average daily milk production between 
the LP and HP cows (10.9 vs. 14.7 lb) was different (P^.Ol). The calf 
weight gain per period was divided by the pounds of average daily milk 
production to arrive at the gain/milk ratio. A larger figure indicates 
a more efficient conversion of milk to weight gain; however, differences 
were not significant. 
Drewry et al, (1959) and Neville (1962) found that calves suckling 
heavier producing cows made larger total gains from birth to 6 months 
but required more milk per pound of gain, Furr and Nelson (1964) and 
Gifford (1953) found correlations between milk production and average 
daily gain of the calves to be high. Wilson £t al, (1969) found there 
was a correlation of 0,49 between total calf gain and 12-hour milk 
yield, Neville (1962) found the relationship of milk to calf weight 
gain was greatest during the first 60-day period. 
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Table 8. Least squares means for the influence of ration and breed of 
dam, year, and sex of calf on calf performance traits 
Trait 
Calf age at Calf gain, birth to Calf gain, birth 
term, days termination of cow trial to weaning, lb 
Mean 118 159t4.8 24lt5.5 
Ration 
LP 117 141*9.9* 227+11.5 
AP 120 167+9.sab 244+11.0 
HU 117 150^10.8*b 227^12.5 
HP 117 180+9.2% 264+10.7 
Breed 
AH 117 145+6.7** 221+7.8** 
AF 119 174+7.0** 261+8.1** 
Year 
1972 112 150t7.2 224*8.4** 
1973 124 169+6.7 257+7.7** 
Sex 
Male 119 167+5.8 251+6.7 
Female 117 I52t8.0 230+9.3 
®^Means superscripted with same letter are not significantly dif 
ferent (PC.05), 
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Table 9. Least squares means for the Influence of ration, breed of 
dam, year, sex of calf and stage of lactation on calf gain, 
cow milk production and efficiency of calf gain (means with 
standard errors) 
Calf gain Cow milk pro- Gain/milk^ Milk/gain^ 
lb duction, lb 
Mean, lb 37.9*1.0 I2.7t.3 3.1Zt.l 9.4 
Ration 
LP 33.Ot2.2ad lO.9t.6ad 3.38t.3 9.2 
AP 37.3t2.1*bde 13.at,5^^°® 2.79t.2 9.9 
HU 36.4t2.2ade 12.lt.6®°°® 3.lit.3 9.2 
HP 44.8t2.lbe i4.7t.5GG 3.17t.2 9.2 
Breed 
AH 33.8tl.5** 10.81.4** 3.30t.2 8.9 
AF 41.9tl.5** 14.7t.4** 2.93t.2 9.8 
Year 
1972 37.9t2.3 I2.7t.6 3.26t.3 9.4 
1973 37.9t2.1 12.8t.6 2.97t.3 9.5 
Sex 
Male 38.2tl.2 12.9t.3 2.96t.l 9.4 
Female 37.5tl.7 12.6t.4 3.27t.2 9.4 
Period 
1 60.3tl.7 13,8t.4 4.46t.2 9.6(6 wk) 
2 27.7tl.7d 12.2t.4* 2.43t.2; 12.3(4 wk) 
3 25.6tl.7d i2.2t.4a 2.45t.2* 13,3(4 wk) 
Interactions 
Breed X period* 
^Gain/milk = gain for a period divided by average daily milk 
production for that period. 
2 
Pounds of milk per pound of gain. 
G^GMeans superscripted with same letters are not significantly 
 ^ «. T\ ^  fy /\c 
d^Means superscripted with same letters are not significantly 
different P< 0.01. 
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Milk composition was not analyzed in this study; however, Rutledge 
et al, (1971) and Totusek et (1973) reported that milk quantity 
rather than milk quality was more important in its influence on calf 
gain. Paquay ^  al. (1973) reported that when the intake of dietary 
protein was considerably below requirement, it resulted in a decrease 
in total daily milk production; but this protein content of the milk was 
not changed. 
For the 12 to 14 weeks of the milk measurement period, average 
24-hour milk productions of 10.9, 13.2, 12.1 and 14.7 lb were measured 
for the LP, ÂF, HU and HP cows, respectively (Table 9). These figures 
are lower than those reported by Wilson et al. (1969) of an average 12-
hour milk production for Angus-Holstein cows of 10.3 lb. Figure 3 
illustrates daily milk production and shows that total gain for this 
time period was 98.9, 112.0, 109.2 and 134.4 lb for the LP, AP, HU 
and HP calves, respectively. The similarity of the heights of the 
bars for calf gain and milk production for corresponding treatments 
should be noted. This results in a pound of milk per pound of gain 
ratio of 9.2, 9.9, 9.3 and 9.2 for the above treatments, respectively 
(Table 9). These results do not agree with Bond and Wiltbank (1970) 
who showed that calves from low protein cows converted milk to body 
weight gain more efficiently than calves from high protein fed cows 
(3.2 vs. 4.4 kg milk/kg gain). Holloway et al. (1973) reported a 
conversion of milk to gain of approximately 10:1 while Melton et al. 
(1967) reported a more efficient figure of 5.2:1. 
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influenced by ration (LP, AP, HU and HP) 
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While cow milk production between rations within periods was 
not significantly different, the HP cows out-produced all other ration 
treatments in each of the measurement periods (Table 10). Milk pro­
duction over all treatments decreased from Period 1 to Period 3. 
Average daily production was 13.9, 12.3 and 12.1 lb for Periods 1, 2 
and 3, respectively. Gifford (1953) found that maximum milk production 
was attained the first month. His Hereford cows of varying ages pro­
duced from 8.52 lb of milk daily the first month down to 4.14 lb for 
the eighth month of lactation. 
Other researchers have reported milk production data. Dawson 
et al. (1960) reported 28-day average daily milk productions of 22.7 
lb for the highest month down to 13.6 lb for the last month of lacta­
tion for beef Shorthorn cows. Pinney et (1962) reported average 
daily milk production of 3-yr-old cows approximately 3 months post­
partum from 10 to 13 lb depending upon the level of nutrition. Clanton 
and Zimmerman (1906) reported milk production of 9.2 and 10.1 lb per 
day for low protein and high protein fed cows. Furr and Nelson (1964) 
reported that at 80 days post-parturn an average daily milk production 
of 6.01 and b.82 lb for fall-calving cows supplemented at a low and a 
high level of supplemental winter feed was recorded. Christian et al. 
(1965) reported 12 to 13 lb of milk from 3 to 4 year old cows at 0 to 
60 days post-partum. Neville (1962) found that 8-month milk production 
ranged from 400 to 4200 lb for Hereford cows. At the Oklahoma station 
the six top producing end «i* producing cows on the same winter­
ing regimen and of the same age over a 7-month lactation period showed 
Table 10, Least squares means for the Influence of ration, breed of dam, year and sex of calf on 
cow milk production and calf weight gains 
Cow milk production/day, lb 
Trait 
Calf weight gain, lb 
Period 1^ Period 2% Period 3% Period 1^ Period 2% Period 3% Birth to 
period 3 
Mean 13,9t0,4 12,3±0,5 I2,lt0.5 60,5*1,9 27,9*1,2 25,2*1,7 113,6±2,7 
Ration 
LP 
AP 
HU 
HP 
12.3±0.9 
14.0±0,9 
13,7+1,0 
15,4tO,9 
10.7±1.2 
13, oil,1 
11.4tl,2 
14.0tl.l 
9,6+1.1 
12,7±1.0 
11,2±1.1 
14,8±1,0 
53,3*4.2 
60,0*4.0 
61,5*4,3 
67,2*4,0 
25,0*2.5 
29,3*2,4 
27,5*2,6 
29,9*2,4 
20.6*3.5®^® 98.9*5.7*4 
22.7*3./^de 112.0*5.5*^® 
20,2*3,7*4 109,2*6,0*46 
37,3*3,4® 134,4*5,5® 
Breed 
AH 
AF 
ii.sto.e** 
15,9t0,7** 
10,0t0,8** 10,4t0,7** 
11,atl,2** 12,4*1,1** 
52,8*2,8** 
58,5*4,1** 
23,6*1,7** 
26,0*2,5*k 
25,0*2,4 
29,2*3,5 
101,4*3,9** 
113,6*5,7** 
Year 
197 2 
197) 
13.5+1,0 
14,2+0,9 
I2.7tl,2 
11,8+1,2 
u.sti.i 
12,4*1,1 
62,5+4,4 
58.5+4,1 
2a. 9*2.6 
26,0+2,5 
21,2*3,7 
29,2*3,5 
113.6+6,0 
113,6*5,7 
Sex 
Male 
Female 
14,lto,5 
13,6to,7 
12,3±0,7 
12,2*0,9 
12,3*0,6 
11,9*0,8 
63,8*2,4 
57,2*3,2 
26.3*1.4 
29,5*1,9 
24,5*2.0 
25,9*2,8 
114.6*3,3 
112,6*4,5 
1Period 1 = birth to first milk measurement. 
^Period 2 = Time from first milk measurement to second, 
^Period 3 = second milk measurement to third, 
®^Means superscripted with same letters are not significantly different (P<0.05). 
^^Means superscripted with same letters are not significantly different (P< 0,01). 
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average daily milk production of 14,3 and 5,9 lb, respectively (Pope 
et al., 1963). 
The effect of breed of cow was highly significant (P<.01) on 
milk production and calf weight gain (Table 9). Average calf gain per 
period and average daily milk production was 33.8 and 10.8 lb for the 
AH and 41.9 and 14.7 lb for the AF. Table 10 shows that the breed ef­
fect was also highly significant for each of the three periods. It 
also shows that calf weight gain was different (P<.01) in Period 1 
and Period 2 and from birth through Period 3. Table 11 illustrates 
the significant breed by lactation period interaction. While calf gains 
from the AF dams are much greater during Periods 1 and 2, the gains are 
nearly equal during Period 3. Holloway et al. (1973) reported daily 
yields of 14.0, 21.7 and 28.8 lb for Hereford, Hereford-Holstein and 
Holstein cows, respectively. Their reported production from the cross­
bred dairy-beef cows was considerably higher than reported here. The 
14.7 lb for AF and 10.8 lb for AH is higher than the values reported 
from Texas of 8.4, 9.9 and 7.3 lb for Angus, Charolais and Hereford 
cows, respectively (Melton et al., 1967). It should be noted that 
the lactation time span for research reported here was for the first 84 
days of lactation compared to 175 days for the Texas work. One 
should interpret cow milk production results with caution as there ap­
pears to be a lack of uniformity in reporting the data. While the in­
formation shows a wide variation in milk production, there is a lack of 
adequate information concerning procedures used and time interval 
measured. 
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Table 11. Least squares means for the interaction of breed of dam 
and stage of lactation on calf gain 
Period* 
12 3 
AH 53.3 22.8 25.3 
Breed* 
AF 67.2 32.6 25.9 
Post-Lactation Calf Weight Gains 
As previously described, the calves were continued on a feeding 
trial after the termination of the cow study. In 1972 the fostered 
calf and a chronic bloater were removed. Appendix Table A6 indicates 
the influence of main effects on calf weight at selected times during 
this feeding trial. Only Period 1 weights taken in November were dif­
ferent for ration and breed effects (P< .05). This difference was shown 
in the calves from the HU-fed cows and the HP-fed cows with 363 vs. 
416 lb weights recorded. Year effect was highly significant (P<.01) 
for Period 3 and at the termination of the feeding trial which may 
have been due to differences in the feeding management of the calves 
for the 2 years and to the widely differing trial termination dates 
(June 2^. March). 
As would be expected male calves were heavier (P< .01) at three 
out of four weighc check points through the feeding Lrial. Âvêïagc 
March weights were 607 and 547 lb for the steer and heifer calves, 
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respectively. Table 12 reports calf weight gain during the same se­
lected periods of this post-cow-trial feeding period. Neither ration 
or breed had a significant effect on calf gain during any period. Year 
was highly different (P<.01) at Period 1 which may be due to the dif­
ferences in period length for the 2 years. Since sex showed significant 
differences only in Period 3 in Table 12, it must be assumed that the 
difference had manifested itself before the post-cow-trial commenced and 
accumulated at a rather constant rate from then on. Differences in 
calf weight gain by sex support this statement. 
Calf gains from birth to approximately 14 months of age show no 
significant differences due to ration or breed of dam (Table 13). 
Ration and breed effects for the time from birth to the termination of 
the feeding trial are presented in Figure 2. Over the entire time of 
the study, differences in weight gains of calves were non-significant. 
The relationships show the same pattern at the end of the feeding 
trial as at the end of the cow trial. While there is no significant 
treatment difference in calf gains between rations of dam, calves 
from the LP-fed dams tended to out-gain the other treatments in in­
tervals 2 and 3 as shown in Table 13. 
It should be noted that while calf gain from birth to termination 
of cow trial and from birth to weaning is highly significant (P<.01) 
between breeds (Table 8), gain during the post-cow-trial feeding study 
is very similar (Table 13). This supports evidence for the importance 
omr\1 A m4 1 Ir f 1 mt» on/î ••Kô 1 «/•Ir r\4r onir 
later clear-cut compensatory gain effect due to breed. 
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Table 12. Least squares means for the Influence of ration of dam, breed 
of dam, year, and sex of calf on calf weight gains after 
termination of cow trial (means with standard errors) 
Calf wt. at 
term of cow 
Calf gain. post-cow trial. Ibl 
trial Period 1 Period 2 Period 3 
Mean 234+4.1 152*3.1 99t3.8 92.6+2.8 
Ration 
LP 221*8.7* 152t6.6 108t7.9 95.9t5.9 
AP 235+8.2»^ 158+6.2 95±7.5 95.2t5.6 
HU 225±9.3*b 140+7.0 loots.5 85.3+6.3 
HP 256+7.9b 159+6.0 95+7.2 94.1+5.4 
Breed 
AH 221+5.8** 149+4.4 102t5.3 92.0t3.9 
AF 247+6.1** 156+4.6 97t5.5 93.2+4.1 
Year 
1972 230+7.0 184+5.3** 104t6.4 109.3*8* 
1973 239+6.3 I2lt4.8** 95t5.7 75.9+4.3* 
Sex 
Male 243+5.0 157+3.8 102t4.6 100.1+3.4* 
Female 226+7.0 147+5.3 96t6.4 85.2t4.8* 
Period one is gain from termination of cow trial (Aug. 8, 1972 
or Sept. 1, 1973) to Nov. 15, 1972 or Nov. 16, 1973. Period two is 
gain from mid-November to Jan. 9, 1973 or Jan. 15, 1974. Period three 
is gain from mid-January to March 6, 1973 or March 5, 1974. 
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Table 13. Least squares means for the influence of ration of dam, breed 
of dam, year, and sex of calf on calf weight gains during 
different intervals (means with standard errors) 
Calf gain, Ib^ 
Interval 1 Interval 2 Interval 3 
Mean 62lt8.8 46lt8.6 344^5.9 
Ration 
LP 621±18.5 473±18.1 356tl2.4 
AP 630tl7.6 466tl7.2 348tll.8 
HU 588tl9.9 436tl9.4 325^13.3 
HP 647tl7.0 467tl6.6 348*11.4 
Breed 
AH 605tl2.4 459tl2.1 343*8.3 
AF 638tl2.9 463tl2.7 346*8.7 
Year 
1972 79ltl4.9** 629tl4.6** 398*10.0* 
1973 452tl3.4** 293tl3.2** 291*9.0*-
Sex 
Male 644tl0.8* 480±10.5* 360*7.2* 
Female 599tl5.0* 441±14.7* 329*10.1* 
^Interval 1 = birth to post-cow-trial termination; Interval 2 = 
termination of cow trial to post-cow-trial termination; Interval 3 = 
termination of cow trial to March 6, 1973 or March 5, 1974. 
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Figure 4 presents the influence of the dam's ration at five dif­
ferent times throughout the calves' lifetimes. According to Table 7 
and Appendix Table A6, calf weight differences due to ration of dam 
at termination of the cow trial and in mid-November were significant 
(P<,05), Weights at the other check points were not. It is evident 
that there was very little interaction between ration treatments. For 
instance, from the termination of the cow trial until March, the HP 
and AP calves maintained their first and second place positions. 
Figure 5 illustrates lifetime weight changes of calves as in­
fluenced by the breed of dam. The calves from the AF cows at termina­
tion of the cow trial were heavier (P<,01) than were the offspring of 
the AH dams (247 vs, 221 lb). The AF progeny maintained their heavier 
weights for the trials duration, but the differences were only sig­
nificant (PC,05) at the mid-November weighing. 
Levels and Changes in Plaatna Urea-N and Total Protein 
Tables 14 and 15 show the changes in total protein content in the 
blood plasma from cows and calves. No significant differences were 
found due to ration, breed or year. 
However, changes in the calves' plasma urea-N content from birth 
to mid-lactation are significant for ration of dam, breed and year. 
Changes in mg/100 ml plasma of 3,8, -10.4, -26.7 and -16.2 for the LP, 
AP, HU and HP treatments were determined, respectively. Highly sig­
nificant (P^.Ol) chances between LP and the HU and HP treatments were 
shown, and differences (P<,05) between the LP and AP treatments were 
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Figure 4. Two-year summary of lifetime weight changes of calves 
as influenced by ration of dam 
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Figure 5. Two-year summary of lifetime weight changes of calves as 
influenced by breed of dam 
Table 14. Least squares means for the Influence of ration of dam, breed of dam and year on cow 
blood plasma total protein content 
Initial valuel Changes of TP in mg/100 ml plasma 
mg/100 ml Period l2 Period 2^ Entire trial* mg/100 ml plasma 
mid-lactation^ 
Mean 82.1 -8.3*1.3 3.2*1.5 -4.9*1.3 76.8*0.9 
Ration 
LP 
AP 
HU 
HP 
79.7 
85.0 
80.0 
83.4 
-9.7*2.6 
-11.2*2.5 
-2.2*2.7 
-10.0*2.6 
6.5*2.9 
2.7*2.8 
2.2*3.1 
1.2*2.9 
3U 3^2*4 , 
-8.5*2.4 
-0.0*2.8 
-7.7*2.4 
76.3*1.8 
76.7*1.8 
78.6*1.9 
75.6*1.8 
Breed 
AH 
AP 
81.3 
82.7 
-6.4*1.8 
-10.1*1.9 
3.3*2.0 
3.0*2.1 
-2.8*1.9 
-7.0*1.7 
77.8*1.3 
75.8*1.3 
Year 
1972 
1973 
84.0 
80.2 
-7.9*1.9 
-8.6*1.7 
2. 2*2.2 
4.2*2.0 
-5.3*1.9 
-4.5*1.7 
78.4*1.5 
75.2*1.4 
^Initial value = sample drawn in late December. 
^Period 1 - change from initial value to precalvlng value. 
^Period 2 - change from precalvlng value to mid-lactation value. 
^Entire trial = change from Initial value to mid-lactation value 
^Mid-lactation value = sample drawn 60 to 90 days post-partum. 
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Table 15. Least squares means for the influence of ration of dam, breed of 
dam and year on change in calf blood plasma traits from birth 
to mid-lactation 
Trait 
Total protein Plasma total protein Urea-N content Plasma urea-N 
. at birth, change in mg/100 ml at birth change in qg/ 
mg/100 ml plasma mg/100 ml 100 ml plasma 
Mean 49.3 18.2+2.1 30.9 -12.4+1.8 
Ration 
LP 47.2 19.9+3.9 15.2 3.8+3.3® 
ÂP 51.8 15.0+3.9 30.2 -10.4t3.3*ed 
HU 42.7 24.8+4.9 42.4 -26.7.^^1^4 
HP 54.8 13.2+4.4 36.7 -16.2+3.7*^4 
Breed 
AH 48.2 18.0+3.1 29.5 -8.0+2.6* 
AF 50.3 18.4+2.9 32.3 -16.7+2.5* 
Year 
1972 53.3 17.4+3.3 20.0 -4.6+2.7** 
1973 45.4 19.1+2.7 41.3 -20.1+2.3** 
^^eans superscripted with the same letter are not significantly 
different P<.05, 
^^Means superscripted with same letters are not significantly dif­
ferent P< 0.01. 
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indicated. Birth and mid-lactation values are presented in Figure 6 
to Illustrate ration and breed differences. Concentrations of 15.2, 
30.2, 42.4 and 36.7 mg urea-N/100 ml blood plasma were found to be 
present at birth for the LP, AP, HU and HP calves, respectively. Non-
significantly different values of 29.5 and 32.3 mg urea-N/100 ml plasma 
were found in the AH and AF calves for breed comparisons. There ap­
pears to be a relationship between the nitrogen diet of the dam and 
the amount of urea-N transferred to the fetal blood. 
Table 16 testifies to the influence of ration on the plasma urea-N 
content of cows' blood during different phases of the trial. Plasma 
urea-N content decreased more (P<.01) for the LP cows than for the HU 
and HP cows during the pre-partum period. Mid-lactation values of LP 
are significantly less (P<.01) than HP, and LP values are less (P< .05) 
than all other three ration treatments. These changes and differences 
in values during the time periods of the trial indicate that protein 
quantity and quality does have an influence on urea-N content of cow 
blood plasma. Breed differences were not significantly different in 
any comparisons. Why the year difference was highly significant in 
most comparisons is not understood. 
Figure 7 shows that though initially the average urea-N content 
of plasma from cows on the four treatments was nearly the same, there 
were marked changes in values during the trial period. All treatments 
had a positive change except for the LP-fed cows during the pre-partum 
to 
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Figure 6. 
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Two-year summary of changes in urea nitrogen content of calf blood plasma as in­
fluenced by ration (LP, AP, HU and HP) and breed (AH and AF) of dam 
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Table 16. Least squares means for the Influence of ration of dam, 
breed of dam and year on cow blood plasma urea nitrogen 
content 
Initial Changes 
Trait 
1 in mg/100 ml plasma Urea N content 
value 
mg/100 ml 
Period 1^ Period 2% Entire triaP at mid-lactation 
Mean 12.9 12,0+1,8 0.8+1.8 12.7+1.8 25.7+1.1 
Ration 
LP 12,3 -2.lt3.6d 6.9+3.4b 4.8+3.4* i7.lt2.2d 
AP 12.7 8.7+3.6*^® 4.6+3.4ab 13.3+3.4*b 26.4t2.2*de 
HU 13,4 19.9+4,0® -6.7+3.8* 12.6+4.0*b 26.lt2.3ade 
HP 13.2 21,7+3,6® -1.7+3.4ab I9.9t3.4b 33.0+2.2*® 
Breed 
AH 13.2 12,8+2.6 -1.6+2.5 ll.lt2.6 24,3+1,6 
ÀF 12,6 11.3+2.6 3.2+2.5 14.2t2.4 27.0+1.5 
Year 
1972 5.1 14.0+2.7 10,612.6** 24.3t2.6** 31.2tl.7** 
1973 20.0 10.1+2.5 -9.1+2.4** 1.0+2.4** 20.ltl.7** 
^Period 1 = change from initial value to precalving value, 
^Period 2 = change from precalving value to mid-lactation value, 
^Entire trial = change from initial value to mid-lactation value, 
s^Means superscripted with same letters are not significantly dif­
ferent (P< 0.05). 
^^Means superscripted with same letters are not significantly dif­
ferent (PC 0.01). 
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Figure 7, Two-year summary of urea-N content of cow blood plasma as influenced by 
ration 
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period. This agrees with Lelbholz (1969) who found that In adult 
wethers the concentration of urea In the blood plasma was reduced by a 
low protein intake. Bollng £t al. (1972) showed a significant (P< .05) 
decrease in plasma protein and urea-N when steers were fed a low nitro­
gen supplement. Freitag et al. (1968) reported that in pairs of Angus 
twin steers no significant differences in urea-N were found by substi­
tuting urea for soybean meal. Williams et a^. (1968) supplemented 
pregnant cows in winter with either a cottonseed meal or urea supple­
ment. He reported that the urea fed cows had higher blood serum levels 
of ammonia and urea. Bergen al. (1973) studied the effect of dietary 
protein source of growing sheep on plasma free amino acids. He con­
cluded that changes in plasma amino acid patterns are related more to 
the quantity of protein that reaches the small Intestine than to the 
source of the dietary protein per se. 
Evaluation of Reproductive Characteristics 
Regular reproduction is essential for a profitable beef enterprise. 
Attempts in 1972 to breed cows by AI in confinement were unsuccessful. 
The cows and calves chewed at the heat detector pads,and so it was 
difficult to keep them in place. After the breeding season, 22 of 24 
cows were open. The post-partum ovarian activity study conducted in 
1973 proved to be informative and gave consistent results. The breeding 
system of turning a bull with the cows twice daily was an effective 
nr-Actlce. with 16 of 17 COWS that exhibited estrus becoming pregnant 
over a 45-day period. The palpating technician was very competent. 
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He was able to determine that estrus was soon to occur, had occurred 
within the past several days or was occurring at the time of palpa­
tion. Every cow that was diagnosed as pregnant by weekly palpation 
was later proven to be so. 
Table 17 shows that 51, 79, 75 and 87% of the cows from LP, ÀF 
HU and HP treatments, respectively, expressed estrus during the study. 
All these cows became prego&nt except one HU cow. The trends favored 
the cows on the higher pisses of protein nutrition. Dunn et al. (1965), 
Foster and Raleigh (1973) and Wiltbank et al. (1964) concluded that 
energy level before and/or after calving determined the number of cows 
becoming pregnant. However, Clanton and Jones (1970) found little 
difference in conception rate among 2-yr-old cows supplemented at dif­
ferent levels during the winter. No statistically significant differ­
ences between ration treatments or breeds were found here, but 83 and 
56% of the AH and AF cows became pregnant, respectively. Deutscher and 
Vlhiteman (1971) compared Angus and Angus-Holstein 2-yr-old cows under 
range conditions and found that 63 and 13% became pregnant, respec­
tively, These findings emphasize the apparent greater nutritional 
requirements of the crossbred dairy-beef female. 
No significant difference was shown for length of post-parturn 
Interval, but the trend favored the cows on the higher plane of nutri­
tion. Morrow et al. (1966) rectally palpated 204 high producing dairy 
cows twice weekly for 60 days post-partum. First ovulation among normal 
cows occurred an average of 15 days post-partum, and silent estrus 
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Table 17. Least squares means for Influence of ration of dam and breed 
of dam on cow post-partum reproductive functions, 1973 
(Means with standard errors) 
Estrus 
expression 
% 
Trait 
Cows 
pregnant 
% 
Post-partum^ 
interval, days 
Mean 73+10.7 69+9.4 87+6.8 
Ration 
LP 51+18.7 53+16.5 111+13.6 
AP 79+28.3 75+24.9 79+13.6 
HU 75+19.5 62+17.1 86+13.6 
HP 87+19.5 87+17.1 74+13.6 
Breed 
AH 84+16.3 83+14.4 77+9.6 
AF 62+13.8 56+12.1 98+9.6 
^Post-partum Interval equals days from parturition to first estrus. 
All cows not showing estrus during the trial period were assigned a value 
of 130 days. 
Plate 2. The LP fed cows (upper) by mid-lactation were in poor 
condition and had rough haircoats. The HP fed cows 
(lower) were in good condition throughout lactation 
and a higher percentage of them became pregnant. 
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frequently accompanied this first ovulation. This is a much shorter 
Interval than experienced here with the beef cows. No doubt the cows 
studied by Morrow et (1966) were being fed for maximum production. 
Table 17 shows that the mean Interval was 87 days and was 111, 79, 86 
and 74 days for the LP, AF, HU and HP cows, respectively. Wiltbank 
et al. (1965) and Dunn et al. (1969) found that estrus may be delayed 
in cows receiving low energy levels. However, McGlnty and Ray (1973) 
found only a 5-day difference from parturition to apparent conception 
(68 vs. 73 days) when cows were fed normal and low energy diets 54 days 
prior to calving. Bond and Wiltbank (1970) fed heifers for 112 days 
post-partum to just maintain their weight. Their ability to cycle and 
conceive apparently was not affected. 
While the AF cows had a 21-day longer interval (98 vs. 77), 
the number of cows was too few to show statistical significance. Marion 
and Gier (1968) reported that high milk production caused a significant 
lengthening of time from parturition to first estrus. While the cows 
studied here were not evaluated primarily for milk production, the AF 
had an average daily milk production of 14.7 lb vs. 10.8 lb for the 
AH cows. 
Average ovary index, percentage of cows with follicles, and per­
centage of cows with corpora lutea by ration, breed and week are pre­
sented in Table 18. It shows that breed effects are non-significant. 
Weekly values for the same parameter» are listed in Table 19 by breed. 
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Table 18, Least squares means for the Influence of ration of dam, 
breed of dam and week on cow post-par turn ovarian activity 
(Means with standard errors) 
. Trait 
Av. ovary Cows with Cows with corpora 
index follicles, % lutea, 7. 
Mean 6600*400 17.7*2.4 34*5.3 
Ration 
18.7*5.1 
20.8*5.1 
17.6*5.1 
13.5*5.1 
LP 
AP 
HO 
HP 
4500*796 
7200*796% 
7200*796^ 
7400*716% 
13*10.6 
45*10.6 
37*10.6 
41*10.6 
Breed 
39*7.6 AH 7200*564 20,8*3,6 
AF 6000*564 14,6*3.6 29*7.6 
Week^ 
4 4400 3.9 13 
5 4400 4.2 8 
6 4600 4.2 12 
7 4900 8.3 8 
8 5200 29.2 12 
9 6300 4.2 21 
10 6400 12.5 25 
11 7200 8.3 25 
12 6700 25.0 33 
13 7200 37.5 42 
14 7600 29.2 33 
15 8400 37.5 54 
16 7900 25.0 54 
17 8400 25.0 71 
18 8700 25.0 67 
19 8400 4.2 62 
SE* *1830 *11.3 *21.3 
Ovary index is obtained by measuring the width, depth and length of 
ovary in millimeters and multiplying the dimensions together. The figure 
presented is the average value of the right and left ovary. 
%eans superscripted with the same number are not different (P< 0,10), 
^Ovary index linear (P< 0.01); presence of follicles cubic (P<0,01); 
presence of corpora lutea linear (P<0.01). 
^SE = standard error for all weeks. 
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Table 19. Least squares means for the influence of week and breed of 
dam on cow post-parturn ovary size and activity 
Trait 
Av. ovary index Cows with Cows with 
follicles, 7. corpora lutea, % 
Breed AH AF AH AF AH AF 
Week P.P. 
4 4900 3900 0 8 9 17 
5 4900 3900 8 0 8 8 
6 5300 3900 0 8 8 17 
7 5200 4600 0 17 17 0 
8 6000 4400 33 25 8 17 
9 7200 5300 8 0 25 17 
10 7300 5500 17 8 33 17 
11 6800 5600 17 0 33 17 
12 7200 6300 33 17 42 25 
13 7800 6500 50 25 42 42 
14 7600 7600 42 17 25 42 
15 9400 7300 42 33 75 33 
16 8700 7100 25 25 67 42 
17 9000 7800 33 17 83 58 
18 8800 8500 25 25 75 58 
19 8900 7800 0 8 75 50 
SE^ Wk 4 ±789 +750 +11.6 ±11.0 ±12.9 ±12.2 
Other wks +750 +750 +11.0 ±11.0 ±12.2 ±12.2 
®SE = standard error. 
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Figure 8 presents the weekly ovary Indices by breeds and shows that 
both breeds follow similar trends. Ration effects in Table 18 approach 
significance (P<,10), The LP cows have smaller average ovary indices 
than the cows of the other treatments. Table 20 lists ration treatment 
ovary indices by week. These weekly values are plotted in Figure 9. 
The average ovary values for the ÂP, HO and HP cows tend to be clus­
tered together, but the gap between them and LP values appears to 
widen with time. This is because non-functioning ovaries are generally 
smaller, and a larger percent of the LP cows failed to ovulate. Fig­
ure 10 shows that average ovary size for all treatments increases as 
a linear function. Actual weekly palpation values appear to fall close 
to the line formed by the prediction equation Y = Bq+B^(X-X). The 
values for Bq, Bj^, X and X used to solve the prediction equation are 
shown. One would expect ovarian size to be a linear function for the 
length of time this trial was conducted. As more cows came into estrus, 
were bred and became pregnant, ovaries enlarged to support follicular 
growth and to maintain corpora lutea. If the line was continued in­
definitely, it would be expected to level off. 
Table 18 discloses that the percentage of cows in which follicles 
were detected did not differ significantly between ration treatments 
or breeds. However, Oxenreider and Wagner (1971) found that lactation 
and low energy level delayed the development of follicles. There was 
a difference (P<.01) between weekly values. Figure 11 shows the re­
lationship to be a cubic function. The actual plotted weekly values show 
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Table 20. Least squares means for the influence of ration of dam and 
week on cow post-parturn ovarian index 
Week - Ration 
post-parturn AP- HU^ HP^ 
4 3900 4000 5000 4600 
5 3500 5000 4900 4300 
6 3200 4700 5000 5600 
7 3200 5000 5600 5600 
8 4200 5200 5700 5700 
9 4400 6400 5900 8300 
10 4700 6600 6700 7500 
11 4400 6300 6900 7400 
12 4200 7800 6900 8000 
13 4000 8300 7700 8600 
14 4800 7700 9800 8100 
15 5600 9400 9700 8800 
16 5300 8800 9500 8100 
17 5700 10400 8200 9400 
18 5900 10500 9100 9400 
19 5500 9600 9500 9000 
SE 2 ±1060 ±1060 ±1168(wk 4)±1060 
±1060 
Means superscripted with same numbers are not different (P<0,10). 
2 
Standard error (SE). All standard errors are the same except 
for week 4 of HU treatment. 
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considerable divergence from the predicted line. A larger number of 
cows In the study probably would have yielded a better fit. An ex­
planation for the shape of the line in Figure 11 is that during the 
first few weeks post-partum few cows ovulated. Then as more of the 
cows cycled regularly most of them were bred and therefore ceased pro­
ducing new follicles. Hence the tailing off of percentage of cows show­
ing follicles present during the 16th to 19th weeks. 
Table 18 shows that the percentage of cows with a detectable cor­
pus luteum was not significantly different between rations and breeds. 
The trend appears to favor the cows on the higher planes of protein 
nutrition. This is logical since more of these cows became pregnant 
during the study and would then develop a persistent corpus luteum with 
pregnancy. The weekly values shown are highly significant (P<.01) and 
are shown in Figure 12 as an average over all treatments by week. The 
prediction of the percentage of cows having a corpus luteum by weeks 
is a linear function. The relationship is understandably linear since 
very few cows would have corpora lutea in the early post-partum period. 
As more of them had regular estrous cycles and later became pregnant, 
there would be an expected increase in the number of corpora lutea 
present. If the study had been continued, the line would have leveled 
off %Aen most cows became pregnant. 
Although there was only 1 year of data and a limited number of 
cows, it does appear that the cows' reproductive characteristics were 
affected by these ration treatments. Even though the role of energy 
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can not be excluded when studying reproductive functions, energy con­
sumption was very similar between ration treatments. The differences 
In protein quality and quantity consumption appear to have played a 
major part in these responses. 
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GENERAL DISCUSSION 
Beef cow research results are manifested as responses in the cow, 
the calf or in both. The cow, one biological unit, has an influential 
effect on lAat later becomes two separate living entities. The nutri­
tional management of the cow affects her present performance, her subse­
quent reproductive performance and the performance of her calf. At the 
end of the normal suckling period, a calf has attained only 40% of its 
mature body weight; but it has 80% of its mature skeletal size (Knapp 
and Black, 1941). Therefore critical evaluation is necessary when 
drawing conclusions on the results of a beef cow nutrition study. The 
results may be more far-reaching than weight change of the cow might 
indicate. 
Effect of Protein Content of the Dam's Ration 
A ration is only as good as its components, and the nutrient needs 
of an animal can only be met if the ration contains proper amounts and 
proportions of ingredients. A balanced ration of sufficient energy and 
protein is needed. If there is insufficient energy along with high 
protein, some of the protein may be used by the body for energy needs. 
If there is insufficient protein, feed intake may be decreased due to 
appetite depression. Dunn et al. (1965) found that more of the cows re­
ceiving higher energy levels after calving became pregnant and had a 
shorter interval from the start of the breeding season to conception. 
LU 1 nl /IQAAN r^lr^A r\r\ 
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prior to calving responded to higher levels of energy intake post-calving 
by earlier estrus and by a higher pregnancy percentage. 
Ration protein content in the trials reported here was expressed 
in the dam's performance during and after the trial. No post-trial 
studies were conducted on the cows, but subsequent calving records 
showed that it was 18 to 24 months before many of the cows from the 1972 
trial delivered their next calf. It seemed to take some of the LP and 
HU cows, who had lost considerable weight, a long time to recover their 
original condition. None of the cows appeared to be permanently impaired. 
Ration protein and quality did affect cow weight gains both pre-
and post-partum. Performance of cows fed LP and HU rations was inferior 
to performance of the HP-fed cows as shown by differences in weight loss. 
Cow weight loss itself is not of primary concern, nor is calf birth 
weight if healthy vigorous calves are dropped. The cow's ability to pro­
duce optimum milk flow and to rebreed lAen desired is of greater im­
portance. When calf weight gain was reduced post-partum, it was asso­
ciated with decreased milk flow. Since all cows were continued on their 
respective treatments during lactation, it is not known what the effect 
would have been if there had been enough cows to divide the treatment 
and feed some a more adequate ration during the lactation period. 
Average daily milk production was negatively associated with pre-
partum weight loss. The LP cows which lost the most weight and the most 
visually appraised condition also produced the least amount of milk and 
their calves showed the least gain. The LP calves were able to use their 
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milk as efficiently, but there just was not enough of it. Milk production 
is associated with feed intake as nutrients for milk production come 
from only two sources, the animal's feed intake and the body stores. 
Results reported here indicate that plasma urea-N values and changes 
are associated with the cow's protein intake. After a pre-calving trial 
of approximately 80 days, the change in the urea-N content of LP cows was 
different (PC.01) from the HU and HP cows (-2.1 vs. 19.9 and 21.7 mg/ 
100 ml plasma). The effect of rations on urea-N plasma changes (Table 
16) over the entire trial showed that only LP and HP were significantly 
different (PC.05). The urea-N content of plasma at mid-lactation for. 
the LP cows was 17.1 vs. 33,0 mg/100 ml plasma for HP cows (P<.01). 
Williams et al. (1968) explain that higher urea blood values would be 
expected from high urea fed cows as the urea is readily hydrolyzed by 
microbial urease present in ruminai fluid to ammonia and carbon dioxide. 
If there are insufficient carbon fragments (a keto acids) from carbohydrate 
present, the ammonia crosses the rumen wall and goes into the blood. 
Total plasma protein content did not show significant differences 
between ration treatments. Since the animal is continually mobilizing 
protein from body stores, total protein content of the blood should not 
vary much. It is easier to affect changes in urea-N content because 
plasma urea values tend to follow more closely the nitrogen intake 
(A, Trenkle, personal communication). 
It would appear that both the HU and HP cows ingested an excess 
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of nitrogen some of which passed over into the blood. The protein syn­
thesis of the HU cows was most likely low due to lack of energy. The 
HP cows also showed high urea-N values. This may have been due to the 
breakdown of excess dietary protein in the rumen or to the presence of 
protein in excess of adequate energy for optimum rumen fermentation, 
Paquay et (1973) stated that when daily nitrogen intake from protein 
content of the diet was above the amount needed, the extra ingested 
nitrogen was not utilized by the animal but was lost in the urine. 
The most important consideration in beef cow production must be 
reproduction. If a cow does not cycle and rebreed on schedule and does 
not deliver a vigorous calf every year, then calf weaning weight, rate 
of gain, milk production and feed efficiency are relatively meaningless. 
In this study the percentage of cows cycling and becoming pregnant between 
btced and ration treatments did not show statistically significant differ­
ences. The lack of statistical significance was most likely because of 
limited numbers of experimental animals. The trends would suggest that 
ration protein affected the LP and HU cows' failure to rebreed since all 
treatments consumed similar amounts of energy. 
The AP cows rebred nearly as well as the HP, but the HP calves 
gained more to weaning than the AP calves (264 v£. 244 lb). The differ­
ences were not significant (P<.05), and it may be that the cost of the 
extra protein fed to the HP cows was not profitable. 
Breed differences for regular reproduction, while not significantly 
different, favored the beef-bred AH cows. Ten out of 12 AH cows became 
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pregnant while only six out of 12 AF cows conceived. If these trends 
held true in a larger herd, the results would have serious economic 
implications. The AF cows produced heavier calves at weaning due at 
least in part to increased milk flow; but if regular calf crops are to 
be secured, it appears that they will have to be fed a higher plane of 
nutrition, Holloway et al, (1973) concluded that under range conditions 
Herefords were more profitable when compared with Holstein and Hereford-
Holstein crossbred females. The latter two breeds required extra feed 
for satisfactory rebreeding. This agrees with Deutscher and Whiteman 
(1971) who concluded that under range conditions, crossbred Angus-
Holstein heifers need a higher plane of nutrition to rebreed satisfac­
torily. Schilling and England (1968) confirmed the necessity for ample 
energy as they found a higher conception rate in cows that were gaining 
weight during the breeding season and that maintained their weight from 
fall to spring prior to breeding. 
Calf Performance as Influenced by Dam's Ration 
The protein content of the diet of the pregnant and lactating beef 
cow reported here affected measured calf parameters. While it has been 
demonstrated that it is possible to affect birth weight of rat pups by 
dietary restriction of the dam (Chow and Lee, 1964; Hsueh et al,, 1967), 
research reports lead one to conclude that pig birth weight may be af­
fected only under very severe dietary restriction (Pond et al, 1968a), 
Calf birth vçigbt i? not readtly Affected by the pre-oartum nutrition 
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of the dam. Joubert and Bonsma (1957) concluded that the fetus receives 
top priority for nutrients over the dam's requirements for growth and 
even over the placental requirements. Cow nutrition appears to affect 
birth weight only if the ration provides much less than the dam's 
own maintenance requirements. Even though the LP cows were losing 
weight in excess of 1 lb per day during the last one-third of gestation, 
calf birthweight was not significantly affected. However, other re­
searchers have been able to influence calf birth weight with various 
regimens of nutritional restriction (McGinty and Ray, 1973; Might, 1966; 
Bond and Wiltbank, 1970; Guenther et al,, 1965), It can be concluded 
that most practical diets would contain adequate protein and energy, 
and so would have little effect on calf birth weights. It is possible 
that some researchers may have been able to demonstrate ration influence 
on birth weight because of larger numbers of experiments1 animals. Per­
haps differences were not shown here because of the effect of natural 
biological variation with the limited number of cows used. 
There were differences in the plasma urea-N content of calves 
at birth (Figure 6). The higher plasma urea-N values of the HP and HU 
cows just prior to calving was reflected in similar higher plasma urea-N 
values in the HU and HP calves at birth. These results support the 
contention that there is transfer of urea-N from the dam to the fetal 
circulatory system. The change in plasma urea-N content from birth to 
mid-lactation was different (P<,01) between LP vs. HU and HP calves, 
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treatments. This lends further support to the statement that even 
though milk quantity may be affected due to diet, milk congosition 
usually is not. Once the calf was bom, its only source of nitrogen vas 
the diet which for the most part was the dam's milk. With the cessation 
of fetal transfer at birth, all calves tended to maintain similar levels 
of urea-N, 
The protein nutrition of the dam Influenced calf gain during lac­
tation, Calves nursing cows that were fed inadequate protein received 
less milk which resulted in reduced calf gains, Gifford (1953) reported 
a significant gross correlation between average milk production of the 
cow and weaning weight of the calf. In this study, even though the 
calves from cows on HP gained faster and had more milk to consume, they 
were nearly equal with the LP calves in milk use efficiency (9,21 vs* 9*24 
lb milk/lb gain). Some studies (Bond and Wiltbank, 1970) have reported 
that calves receiving less milk use it more efficiently. Since in this 
trial LP and HP calves displayed equal efficiency in milk use, it can 
be postulated that total milk flow may have diminished to a point from 
the LP cows that a large percentage of it was required for calf main­
tenance and only a limited amount remained for gain. Calves from HP 
cows probably would have shown reduced efficiency if cows had received 
a higher level of energy with a resultant increase in milk production. 
Young calves are apparently more efficient users of milk than are 
older ones. Even though Period 1 was approximately 6 weeks in length vs. 
4 weeks each for periods 2 and 3, the gain was greater. Daily milk pro­
duction was also greater as was efficiency of milk use in Period 1. 
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Figure 5 visually sunsnarizes calf weight gains throughout the trial. 
From conception to birth, calf weight was not noticeably affected as 
evidenced by similar birth weights. From birth through lactation, the 
influence of the different protein regimens began to express themselves. 
Calves from HP cows showed the advantage of more milk with increased 
weight gain. After weaning and until the calves reached approximately 
11 months of age, the HP calves continued to maintain or even increase 
their advantage. After weaning time, the relative positions of the 
treatments were maintained, and there was little evidence of any com­
pensatory gain. 
Breed differences for calf gain and milk production were different 
(P< ,01), The calves from cows with one-half dairy breeding (AF) out 
performed the beef bred animals. However, the AH dams' calves appeared 
to be more efficient in converting milk to gain (8,91 vs, 9,82 lb 
milk/lb gain). This emphasizes the need to have cows in the herd that 
have the genetic capability to produce ample milk and to provide them 
with enough feed so that they can produce this milk. Then the calf can 
express its genetic weight gain potential during lactation. If the re­
sults of this experiment are typical, there is little opportunity for 
the calf who has been deprived during lactation to make compensatory gain 
later during the post-weaning, growing-fattening period. Average daily 
gain of calves from all four rations was very similar during the post-
cow trial feeding period. 
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This study has demonstrated the importance of protein nutrition 
on total cow and calf performance. It has shown that beef cow and calf 
performance can be adversely affected by protein restriction. Unfor­
tunately, it was not possible to test the interaction of energy intake 
simultaneously. It appears that protein-energy relationships must be 
more critically evaluated under conditions when beef cows are fed low 
quality roughages over an extended period of time. Further research 
should be conducted to elucidate answers to the questions raised in 
this study. 
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SUMMARY 
A 2-year study was conducted to determine the effects of protein 
nutrition on the pre- and post-partum performance of 3 to 5-year old 
beef cows during the last trimester of gestation and through lactation 
and the resultant effects on their progeny. Ration treatments with 
urea and soybean meal as the main variables were as follows: low pro­
tein (LP); adequate protein (AP)j high urea (HU); and high preformed 
protein (HP). Main effects of ration, breed of dam and year were 
studied; and when appropriate, sex of calf and various time intervals 
were statistically evaluated. Consumption of feed was equal to or ex­
ceeded NRC recommendations for TDN except for the LP and HU-fed cows 
during the 1972 gestation period. Appetite depression may have been 
caused by low protein intake or the effects of urea on ration palatability. 
Cow weight changes were affected by controlling the intake of 
protein during the pre- and post-partum periods. However, breed differ­
ence was not significant. Calf birth weight was not affected by imposing 
nutritional restrictions on the dam during the last one-third of gesta­
tion, The fetus appears to have a high priority for nutrients. 
Cow milk production was influenced by breed of dam. Average daily 
milk production of the crossbred Angus-Holstein (AF) cows was 14.7 lb 
compared to 10.8 lb for the Angus-Hereford (AH) dams. Ration imposed 
did affect milk production. Average daily yield was 10.9, 13.2, 12.1 and 
14.7 lb for the LP, AP, HU and HP-fed cows, respectively. The cows 
which lost the most weight pre-partum, produced the least milk and 
their calves made the least gain. Gain for the total milk measurement 
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period of 12 to 14 weeks was 98.9, 112.0, 109.2 and 134.4 lb for the 
LP, AP, HU and HP calves, respectively. Calves from all ration treat­
ments were similar in the efficiency of converting milk to gain. The 
calves made more rapid and efficient gains during the first milk 
measurement period than during subsequent periods. 
Cow blood plasma total protein values were not significantly af­
fected by ration treatment; however, higher nitrogen intakes of the HU 
and HP cows were reflected in higher plasma urea-N values. Evidence 
of fetal transfer of urea-N was found in the calves at birth. The HP 
and HU calves had higher urea-N values than did the AP and LP calves 
(respectively, 36.7 and 42.4 vs. 30.2 and 15.2 mg/100 ml plasma). 
Post-cow trial weight gains were similar among calves from cows 
on the four ration treatments. Those heavier at weaning maintained 
this advantage throughout the feeding trial. Since little compensatory 
growth was evident here, the concept of restricted maternal nutrition on 
the lifetime performance of progeny should be researched further under 
similar feeding and management conditions. 
Post-partum ovarian activity data were statistically non­
significant, but trends strongly favored the cows on the higher planes 
of protein nutrition. The average interval from parturition to first 
estrus was 111, 79, 86 and 74 days for the LP, AP, HU and HP-fed cows, 
respectively, and 77 and 98 days for the AH and AF cows. During the 
45-day breeding season, 53, 75, 62 and 877, of the LP, AP, HU and HP-fed 
cows and 83 and 567. of the AH and AF cows became pregnant, respectively. 
It appears that the AF cows need a higher plane of nutrition for optimum 
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reproductive performance. 
Under the experimental conditions imposed here, treatment differences 
due to quantity and quality of dietary nitrogen on the beef cow and her 
progeny were demonstrated. Based on the amount of dietary nitrogen, 
the HU-fed cows would be expected to give performance comparable to the 
HP-fed cows. However, the HU and AP-fed cows, who received like rations 
except for the amount of urea, gave similar performances. It can be 
concluded that the HU-fed cows received little benefit from the additional 
urea consumed. The overall results may have been influenced by energy 
intake; however, the interaction between energy and protein was not 
tested by the design of this study. The treatment differences shown 
were concluded to be due primarily to the quantity and quality of pro­
tein consumed. 
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Table Al. Cow ration consumption, welghback and other feeding data 
for pre-partum period of 1972 trial 
Treatment 
LP AP HU 
Pre-partum period, 82 days 
Jan. 22 to Apr. 13; 
Total feed per cow, lb 1320 1352 1220 1426 
Welghback per cow, lb 206 76 178 20 
Welghback as percent of 
total feed fed 15.6 5.7 14.6 1.4 
Feed actually consumed, lb 1114 1276 1042 1406 
Feed consumed/cow/day 13.6 15.5 12.7 17.1 
Ration dry matter 7. 80.8 80.4 80.7 80.9 
Daily dry matter, lb 11.0 12.5 10.3 13.8 
Ration total protein (TP),7. 3.1 6.4 11.8 11.9 
Daily TP consumed, lb .34 .80 1.21 1.64 
Calculated requirements, lb .88 .88 .88 .88 
Difference, lb -.54 -.08 .33 .76 
Ration TDN, % 62.4 61.6 60.3 60.3 
Daily TDN consumed, lb 6.8 7.7 6.2 8.3 
Calculated requirements, lb 7.5 7.5 7.5 7.5 
Difference, lb -.7 .2 -1.3 .8 
Lab. analysis, TP, % 4.2 5.9 9.3 11.5 
Lab. analysis of welghback, 
TP, % 2.2 3.5 11.2 
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Table A2. Cow ration consumption for pre-parturn period of 1973 trial 
LP 
Treatment 
AP HU HP 
Pre-parturn period, 88 days 
(Jan. 13 to Apr. 11) 
Total feed per cow, lb 1381 1470 1472 1453 
Weighback* - - - -
Feed consumed/cow/day 15.7 16.7 16.7 16.5 
Ration dry matter, % 87.9 87.6 87.8 87.8 
Daily dry matter, lb 13.8 14.6 14.7 14.5 
Ration total protein (TP), 7. 4.7 7.2 10.5 10.7 
Daily TP consumed, lb .65 1.05 1.54 1.55 
Calculated requirements, lb 00
 
00
 
.88 00
 
00
 GO 00 
Difference, lb -.23 .17 .66 .67 
Ration TM, % 62.2 60.9 60.0 60.0 
Daily TDN consumed, lb 8.6 8.9 8.8 8.7 
Calculated requirements, lb 7.5 7.5 7.5 7.5 
Difference, lb 1.1 1.4 1.3 1.2 
Lab. analysis, TP, 7. 5.1 8.2 11.1 11.0 
^Weighback was negligible in 1973. 
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Table A3. Cow ration consumption, welghback and other feeding data 
for post-partum period of 1972 trial 
Treatment 
LP AP HU HP 
Post-partum period, 95 days 
May 5 to Aug. 7 
Total feed per cow, lb 2010 2325 2168 2203 
Weighback per cow, lb 86 26 28 26 
Welghback as % of total 
feed fed, 7. 4.3 1.1 1.3 1.2 
Feed actually consumed, lb 1924 2299 2140 2177 
Feed consumed/cow/day, lb 20.2 24.2 22.5 22.9 
Ration dry matter, 7. 87.7 88.1 88.2 88.2 
Dally dry matter, lb 17.8 21.3 19.9 20.2 
Ration total protein (TP),% 7.9 10.9 13.1 13.2 
Daily TP consumed, lb 1.41 2.32 2.60 2.67 
Calculated requirements, lb 2.00 2.00 2.00 2.00 
Difference, lb -.59 >32 .60 .67 
Ration TON, 7. 72.8 70.0 69.4 69.0 
Daily TDK consumed, lb 12.9 14.9 13.8 13.9 
Calculated requirements, lb 12.3 12.3 12.3 12.3 
Difference, lb .6 2.6 1.5 1.6 
Lab, analysis, TP, % 7.4 8.9 9.8 13.6 
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Table A4. Cow ration, consumption for post-partum period of 1973 trial 
LP 
Treatment 
AP HU HP 
Post-partum period, 82 days 
(June 10-Aug. 31) 
Total feed per cow, lb 1698 1690 1731 1777 
Weighback* 
Feed consumed/cow/day, lb 20.7 20.6 21.1 21.7 
Ration dry matter, 7. 89.3 89.1 88.3 89.2 
Daily dry matter, lb 18.5 18.3 18.6 19.3 
Ration total protein (TP), % 7.4 10.7 9.1 12.3 
Daily TP consumed, lb 1.37 1.96 1.69 2.37 
Calculated requirements, lb 2.00 2.00 2.00 2.00 
Difference, lb -.63 1 o
 
-.31 .37 
Ration TDN, % 70.2 70.1 70.1 69.4 
Daily TDN consumed, lb 13.0 12.8 13.0 13.4 
Calculated requirements, lb 12.3 12.3 12.3 12.3 
Difference, lb .7 .5 .7 1.1 
Lab, analysis, TP, 7. 6.5 8.3 8.3 11.4 
*Weighback was negligible in 1973. 
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Table A 5, Total protein content of trial rations as calculated 
compared to values from laboratory analysis 
Treatment 
LP AP HU HP 
1972 Gestation trial 
Calculated TP, % 4,0* 6,8 11.9 11,9 
Lab, analysis, TP, 7, 4,2 5,9 9,3 11,5 
1972 Lactation trial 
Calculated TP, 7. 8,0 10,9 13,1 13,2 
Lab. analysis, TP, 7. 7,5 9,3 10.3 14.3 
1973 Gestation trial 
Calculated TP, 7. 4,7 7,2 10,5 10,7 
Lab, analysis, TP, % 5,1 8,2 11.1 11,0 
1973 Lactation trial 
Calculated TP, 7. 7,4 10.7 9,1 12.3 
Lab, analysis, TP, % 6,5 8,3 8.3 11.4 
^hls figure was 3,1% total protein before adjustment was made 
midway through gestation trial. 
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Table A6. Least squares means for the influence of dam*s ration, 
breed of dam, year and sex of calf on weight of calf 
after termination of cow trial (Means with standard errors) 
Calf weight post-cow trial, Ib^ 
Period 1 Period 2 Period 3 Termination wt. 
Mean 38616.0 484+8.4 577+8.5 694+9.9 
Ration 
LP 
AP 
HU 
HP 
367+12.5®? 
396+12.0** 
363+13.6* 
416+11.6b 
472tl7.4 
493+16.7 
462+18.9 
510+16.2 
568+17.6 
588+16.9 
548+19.2 
604+16.4 
6&3+20.4 
706+19.6 
659+22.2 
723+19.0 
Breed 
AH 
. AF 
369+8.4* 
402t8.9* 
470+11.8 
499+12.4 
562+11.9 
592+12.5 
678+13.8 
709+14.5 
Year 
1972 
1973 
401+9.1* 
370t8.4* 
499+12.7 
470+11.7 
609+12.9** 
545+11.9** 
843+14.9** 
545+13.8** 
Sex 
Male 
Female 
404+7.3** 
367+10.1** 
508+10.2* 
461+14.1* 
607+10.3** 
547+74.2** 
727+11.9** 
660+16.5** 
^Period 1 > weight on November 15, 1972 or November 16, 1973. 
Period 2 = weight on Jan. 9, 1973 or Jan. 15, 1974. Period 3 = weight 
on March 6, 1973 or March 5, 1974. Post cow trial termination = weight 
of calf on June 4, 1973 or March 5, 1974. 
^^Means superscripted with same letter are not significantly dif­
ferent (P<0.05). 
